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The    P  R  E  F  A  C  E: 

*«(i:/i»^  on  Spherical  Trigonometry,  which  wouU 
^^uire  a  fartUular  Vtlume  /*  explain  tt.  There 
t^e  indeed  iwo  tr  thrte  ProbUms  neceffary  in 
f^oBke,  ^bicb  defend  (fn  the  Rejolutton  ofSphe- 
ykal  Triangles ;  but  for  the  SoltUioa  of  thefts  J 
!jb^e  liiJd  down  fuch  cltar  and  Jhort  Rules,  that 
^$ody    can    mijlake    the    Manner    of  applying 

<,■  1  knoifffome  are  ofOpinioTit  that  the  Demon- 
-^^thns  are  not  to  be  eafily  learnt  by  every  Capa- 
•eity,  on  which  Account  they  teach  the  PraScce 
only.  This  Book  is  therefore  fa  written  -as  io 
Jervefor  their  Purpofe  likswife,  becaufe  they  may 
take  the  Rules  atone  without  their  Rsafons.  It 
is  true  indeed,  that  there  may  be  great  Di£iculty 
in  finding  out  a  proper  Demonflration  j  but  after 
it  is  found,  it  is  eafier  to  be  underjlood  than  that 
of  which  it  is  the  Reafon :  And  therefore  they 
who  are  not  capable  of  nnderflandlng  the  De- 
monflrations,  \are  mud  left  capable  of  under- 
fianding  the  pr apical  Rules  •which  depend  on  them. 
And  I  am  inclined  to  believe,  that  what  is  com- 
monly attributed  to  want  of  Genius  in  the  Scholar, 
is  often  owing  to  Want  of  Method  and  Perfpicmty 
in  the  Majler. 

In  preparing  this  Treatife  for  the  Prefs,  I 
own  myfelf  obliged  to  Mr.  Stirling,  F.  R.  S. 
who  on  his  firfi  feeing  sny  Papers,  fo  far  ap~ 
proved  both  the  Matter  they  contained,  and 
of  the  Order  in  which  they  were  put  together, 
as  to  think  them  fit  to  be  made  publtck  •with  very 
Utile  Alteration. 
.  -^  ' '  [  a  ]  /  acknaw- 
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nmke  it  publiek.  The  favpuray^^J  _ 
ception  it  has  met  with  fince  it  was  arlt  1 
publiflied,  makes  me  flatter  myfelf  tliat  i 
it  is  of  fome  Uie,  and  as  fuch  Your 
known  Candour  and  Humanity,  and 
Zeal  for  any  thing  ufeful  to  Society, 
emboldens  me  to  lay  it  under  Your 
Proteftion.  But  when  I  confider  the 
high  Charafler  You  fo  juftly  poflefs, 
both  as  a  confummate  General  and 
fincere  Promoter  of  ufeful  Knowledge, 
I  am  fully  fenfible  of  the  Unworthinefs 
of  this  Offering ;  however,  if  You  ^re 
pleafed  to  accept  of  it,  I  fliall  have  this 
;  Benefit  by  it,  of  declaring  publickly  that 
',  I  am  with  the  greatefl  RefpeA,.. 

SIR, 


TTai)-  mofi  Obliged, 


Archibald  PaioiTii, 


,?bhoq 


OnE-   ,Y)inrrr    ■  ^,^.3  r./.-MiiJ 

:'^-"-^'    '     ■'■■  -^    ,,.•  ■■     Viii  K,:  koS; 

algn^rfrio-'/nU  3:h    :  ,1  mi;!/ 

f  SBR  E  areja  manv  Booh  of  Na- 
vigathn  already  txtant^  that  it 
mayfeem  impertinent  to  trouble  the 
World  with  a  new  One :  Efpeda/fy 
:  \^nce  fame  good  Mdthemattcianst 
both  at  Home  and  Ahraadt  and 
^any  "who  are  ferfeSi  Mafieri  ej  the  Practice,  have 
written  on  thisSubjeSi.  The  former  of  tbefe  being 
fond  of  ingenious  Speculations,  have  generally  been 
too  prolix  on  the  Theory,  and  too  Jhort  an  the  prac- 
tical Part.  Whereas  the  latter  have  in  a  great 
Meafure  negleSled  the  Theory,  and  not  being  very 
folicitous  about  Language  or  Method,  have  deli- 
vered the  praBical  Rules  in  fuch  a  Manner^  at 
they  cannot  be  eajily  comprehended,  and  mueh  leji 
remembered,  efpecially  fince  there  is  feldom  Men- 
tion made  of  the  Reafons  on  which  they  depend. 

But 


I 


But  I  am  very  far  from  finding  fault  with 
all  the  Books  on  this  SuhjeSI ;  for  there  are  fame 
very  full  both  on  Theory  and  PraSiice,  againfi 
which  I  have  no  other  OhjeSlion,  but  that  they 
are  too  tedious  to  he  taught,  and  too  dear  to  be 
purchajed  by  mojl  People. 

Toutb  ought  to  learn  the  "Elements  from  fiort- 
er  Treatifes,  and  afterwards  at  their  Leifure 
jhould  read  general  Syjlems,  in  order  to  perfeEi 
them. 

For  thefe  Reafons,  I  have  ventured  to  fubiijh 
tits  fmall  Treatife ;  wherein  I  have  made  it  my 
chiej  Bufinefs  to  keep  a  due  Medium  betwixt  the 
two  Extremes,  into  ichich  the  Jpeculative  IVri- 
ters  on  the  one  Hand,  and  the  pra&ical  Ones  on 
the  other,  are  apt  to  run.  I  have  laid  down  all 
the  ufejul  Rules,  and  troubled  the  Reader  ivilb  no 
more  of  the  Theory  than  is  neciffary  to  explain 
them.  1  have  alfo  explained  the  Principles  of 
Menjuration,  Surveying,  and  Gauging,  a 
Jkewed  how  they  are  applied  to  PraBice,  in  order 
that  my  Book  might  belter  anfwer  the  particular  . 
End  for  which-  it  is  defigned,  namely,  the  In- 
JlruSiion  of  the  young  Gentlemen  educated  at  tbs  \ 
Publick  Schools. 


jis  for  the  particular  Contents  of  each  SeSlion, 
the.Reader  will  find  them  after  this  Preface,  and.- 
therefore  they  need  not  be  repeated  here.  I  Jhall 
only  ohferve,  that  I  have  defignedly  omitted  Great 
Circle  Sailing,  as  being  only  jpeculative,  and  de~ 
pending 
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SECT.    I. 


Ofjkei  Geometrical  Propofiiiont  as  are  chfohi 
fary  for  NavjcatIom. 

ART.i.rr^OMETHY  a  that  Science  where- 
^-f  in  we  confider  the  Properties  of  Mag- 
nitude. 

2.  A  Point  is  that  which  is  not  made  up  of  Parts, 
or  which  is  of  itfelf  indivifible,  as  A  • 

3.  A   Line   is  a  Length   without   Breadth,    as 

,  4.  The  Extremities  of  a  Line  are  Points  j  as  the 

Extrem^ies  o^  the  Lind  A  fe,  tre  the  Points  A  and  i 

A '- '- —^ B 

5.  The  neareft  Diftanee  between  the  Extreams 
A  and  B,  is  a  Itrait  litfy,  as  A  B  in  the  former 
Figure ;  any  other  Diftanee  is  a  curve  Line,  as 
AB. 


I 

1 

I 


6.  A  Surface  is  that  which  is  confidcred  as  having 
only  Length  and  Breadth,  but  no  Tiiicknefs,  as  B. 


;  Sf-4  The  Teruis  qf  4  Surfoccare  Lines. 

i.fS.  AjpHni;  Surface  fs'tbat  which  lies  ei^uaUy  bCf  | 

iween  it*s  Extreams. 

9.  The  Inclination  between   two  Lines  meeting 
OQC  another  (provided  they  do  not  make  one  con- 
■  -^  ■•  ttnucd 


Cemetrical  Prepo/itians. 
Unued  ftrak  Line)  <x  the  Opening  bc^een  tlKoi,  is 
called  an  Angle;    thus  the 
Inclination  of  the  Lines  A£  , 
and  C  B,   meeting  one  aoo- 
ther  at  B,  or  the  Opening  be- 
tween the  two  Lines  A  B  and  H 
C  B,  b  caHcd  an  Angle. 

10.  Wiien  the  Lines  forming  the  Angle  are  right 
Lints,  ilten  it  is  called  a  jright-lined  Angle,  as  A^ 
if  one  of  them  be  right  and  the  other  curved,  it  is 
called  a  mixed  Angle,  a?  B  i  it  both  of  them  be  cur- 
it  is  called  a  curve-lined  Angle,  as  C. 


V   ^    (^ 


1,1.  If  ft  right  Line,  AB,  fall  upon  another,  D;^ 
fo  as  TOiiucline  neither  to  the 
one  Side  nor  to  theother,  but 
make  the  Angles  A  B  D» 
ABC,  on«ftch  Side  equal  to 
oac  another,  then  the  jLInc  ^  ,       -     I  - 

AB  is  faid  to.be  .perpendi-  B  ** 

cukr  to  the  Line  JD  C  5  and  the  two  Angles  ^re  called 
Right  Angles.  .     . ;  _ 

12.  An  obtufe  Anglels  that  which  is  greater  than 
a  right  one,  as  A;  and  an  aciite  AnglCj  that  which 
is  kfs  ]ib«n  a  ■rj^t.ofle,  ^  Bi  " 


I     Ind: 


3-  If  a  right  Line  D  C,  be  fattened  «  onejjf  it'j, 

fends  C,    and  the  other  End  D 
be  ^Wried  .qiiiije  round,  ihcn  the        / 
^wce  ^Qi»pr«l>€ndcd  is  called  an; 
CirC^ i .  the  t^urve  Line  deicribed  ^P 
by  idle  ;PQ«it  p,   is  ciUled  the    £X 
JPeripinryt  or  Ciramferent;e  of  the 

Ba     ■  Circle  i 


Geomelrkal  Propo/ttiens. 
Circle-,   the  fixed  Point  C  is  called, the  Ctnter  ofl 


I4ri  The  defcribing  Line,  CD,  is  called  the  Ra- 
dius, w'z.  any  Line  drawn  frum  iIk  Center  to  the 
Circumference  \  whence  all  Radii  of  the  fame  or 
equal  Circles  are  equal. 

15.  Any  Line  drawn  through  the  Center,  and  ter- 
minated both  Ways  by  the  Circumference,  is  called  a 
Diameter,  as  BD  is  a  Diameter  of  the  Circle  BADE. 
And  the  Diameter  divides  the  Circle  and  Circuoi- 
ferenee  into  two  equal  I'arts,  and  is  double  the  Ra- 
dius. 

1 6.  The'Circumference  of  every  Circle  is  fuppofcd 
to  be  divided  into  360  equal  Parts,'  called  Degrees^ 
and  each  Degree  is  divided  into  60  equal  Parts, 
called  Minutes ;  and  each  Minute  into  60  equal  Parts, 
nzWzA  Seconds ;  and  thefe  into  Thirds,  Fourths^  &c. 
thefe  Bafis  ^eing  greater  or  lefs  according  as  the  Ra- 
dius is.         I 

17.  Any  ipart  of  the  Circumference  is  called  an 
jlreh,  or  Arc ;  and  is  called  an  Arc  of  as  many  De- 
grees as  it  contains  Parts  of  the  360,  into  which  the 
Circumference  was  divided:  Thus  if  AD  (in  the 
former  Figure)  be  the  4- of  the  Circumference,  then, 
the  Arc  A  D  is  an  Arc  of  45  Degrees. 


i 


iS.  A  Line  drawn  from  one 
End  of  an  Arc  to  the  other,  is 
called  a  Chord:  Thus  the  right 
Line  A  B  is  the  Chord  of  the 
Arc  ADB. 


i 


19.  Any  Part  of  a  Circle  cut  off  by  a  Chord,  is 
called  a  Se^ent  -,  thus  the  Space  comprehended  be- 
tween the  Chord  A  B  and  Circumference  ADB 
(which  is  cut  off  by  the  Chord  AB)  is  called  %  Scg- 
ns^t.    Whence  it  is  evident^ 


ifi.  That  air  Chords  divide'  'tlie  Circle  into  two 
Segments. 

I|?iV/)',  The  lefs  the  Chord  is,'  the  more  unequal  are 
W'  the  Segments,  and  e  centra. 
W^dly,  When  the  Chord  is  greareft,  viz.  when  ic  is 
\b     a  Diameter,  then  the  Segments  are  equal,  viz. 
wV  each  a  Ccmicircle. 
tap.  Any  Part  of  a  Circle  (lefs  than  ■ 
a  Semicircle)  contained  benveen  two 
Radii  and  an  Arc,    is  called  a  Secior-\  ■ 
thus  the  Space  contained  between  the  I 
Radii  AC,  BC,  and  Arch  A  B, 
called  a  Sciftor. 

2  1.  The  right  Sine  of  an  Arc  is  a  Perpendicular,! 
drawn  from  one  End  of  the 
Arc,  tQ  a  Diameter  palTing 
through  the  other  Eiid  of 
the  fame  Arc:  "Thus  AD 
is  the  right  Sine  of  the  Arc 
AB,  it  being  a  Perpendi- 
cular to  FB,  a  Diameter 
pafling  through  B,  the  o- 
^^crEndof  the  Arc  AB. 


^Wjr 


.  The  Sines  ftandrngonthefarrie  Diameter  increafc 
till  they  come  to  rheCenter,  and  th«-e_coincide  with 
tti^Radius':  Therefore  the  Radius  EC  is  the greateft 
poinbh;  Sine;  and  fot-tbut  ■Reafon  it  is  called  the 
lyhoh-Sine.  -  "■-  -"-• 

Since  the  Whole-Sine  E  C  is  perpendicular  to 
the  Diameter  KB  (by  Def,  21.)  therefore  prndii- 
dng."EC  to '-G,' the  two  Diameters  FB,  EG,  will 
tfpl^'wtrftnotfiCT-  at  right  Angles,  and' divide  the 
Cititihifti'i^cejitito  four  Parts,  E  B.  «  G,-  G P,  and 


t 
h 


FE';  aiii!  tfeefe  four  Pares  are  equal  to  one  andthcr 
(by  Def.  ii.)  and  fo  EB  a  Quadrant,  or  fourcK  Part 
of  the  Circumference:  Therefore  the  Radfua  "EC 
is  always  the  Sine  of  the  Quadrant,  or  fourth  Part 
tff  the  Circle  EB. 

Sines  3K.  faid  to  be  of  fo  many  Degreesi  as  the 
Arch  contains  Parts  of  the  360,  into  which  the  Cir- 
cumference is  foppdfed  to  be  divided  ■,  fo  the  Radius 
bting  the  Sine  of  a  Quadrant,  or  fourth  Part  of  the 
Circumference,  which  contains  90  Degrees  (the  fourth 
Part  of  360}  therefore  the  Radius  muft  be  the  Sine 
of  90  negrees. 

22.  The  Line  DB  intercepted  between  the  Ex-- 
trerility  D  of  the  right  Sine  and  the  lower  Erid  B  of 
titp  Arch,  is  called  the  verfed  Sine  of  the  ArcH' 
AB. 

23.  A  right  Line  B  H,  drawn  perpendicular  co  i,. 
Dianierer  palling  through  any  Point  B,  taken  !n_thc' 
Ciraupifcrcnce,  is  called  a  Tangent  to  the  Circle  iti 
that  Poini:  B,  which  Tangent  can  touch  the  Circle! 
only  in  one  Point  j  elfe  if  it  touched  it  in  more,  it 
Wjuld  go  within  it,  and  fo  not  be  a  T^angenc,  but  a 
ChoM  (by^r;.  18.) 

24.'The  ^"angent  of  any  Arch  AB,  is  a  right 
Line  dr3wn  perpendicular  to  a  Diameter,  pafling 
through  ond  End  of  the  Arch  B,  and  terminated  by 
9  Line  C  A  H,  drawn  from  the  Center  through  the 
<nherEnd  A-,  thus  BH  is  the  Tangent  of  the  Arch 
AB. 

15.  And  the  Line  CH,  which  terminates  the 
Tangent,  is  called  the  Secant  of  the  Arch  AB. 

26.  What  an  Arch  wants  of  a  Qiiadrant  is  called 
the  Complement  of  that  Arch  :  Thus  A  E  bting  what 
the  Arch  A  B  wants  of  the  Quadrant  E  B,  is  called- 
the  Cornplement  of  the  Arch  AB. 

27,  And  what  an  Arch  wants  of  a  Semicircle  iS 
called  the  Sitppkment  of  that  Arch  -,   thus  fmce  A  F 


\ 
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is  wliat  the  Arch  A  B  wanrs  of  the  Semicircie  B  AF, 
it  is  the  Supplemcni:  of  the  Arch  A  B. 

28.  The  Sine,  Tangent,  fcff-  of  the  Complement 
of  any  Arch,  is  called  the  Co-Sint,  Co-Tangent,  t?f. 
of  that  Arch;  Thus  the  Sine,  Tangent,  ^c,  of  ilie 
Arch  AE»  is  called  the  Co-Sine,  Co-Tangent,  Ssc. 
of  the  Arch  A  B. 

29.  The  Sine  of  the  Supplement  of  an  Arch  is  the 
fame  widi  the  Sine  of  the  Arch  icfclf ;  for  drawing 
tfiem  according  to  the  Definitions,  there  rcfults  the 
very  fame  Line. 

30.  A  right-lined  Angle  is  meafured  by  an  Arch 
of  a  Circle  defcnbcd  up-  , . 

on  the  angular  Point  as  4     ' 

Center,  and  coippreJiend- 

ed  between  the  "two  Legs 

that    form    the    Angle  1 

thu3  the  Angle  ABU  is 

meaTured    by    the    Ari-h 

AD  of  the  Circle  C.\  JE,  ; 

defcribed  upon  the  Point  B  "as, a  Center;    and  th*" 

Angle  is  faid  to  lite  of  as  many  Pegrces  as  the  Arcfi 

contains:  So  if  the  Arch  AD  contains  4.5  Degrees, 

then  the  Angle  ABD  is  faid  to  be  an  Angle  of  45 

Degrees. 

Hence  Angles  are  greater  or  lefs,  according  as  the 
Arch  defcribed  about  the  angular  Point,  and  termi- 
nated by  tht  two  Legs,    contains  a  greater  or  Icfs 

Number  of  Degrees. 

3  I .  When  one  Line  /i  B  falls  perpendicularly  oij 

another,  as  C  D,  then  the 

Angles  on  each  Side  are 

right  ones  (by  the  nth) 

and  dcfcribing  a  Circle  on 

cbe  Center  B,    fince  the 

Angles  ABC,  ABD,  are 

equal,  their  Meafures  muft  be  fo  too,  i.  e.  the  Arches 
"  "     i.D,  muft  bee      "     ' 


C,     B      D 


AC 


:  equal-. 


e  whoje 


a  ScmicircK  fincc  C  D>   a  Line  paOing  througli  t!i4 
Center  B,  is  a  Diameter ;.  therefore  each  of  the  Parts 
AC,  AD,  is  a  Quadrarit,  i.g,  90  Degrees i  lb  the 
lileafure  of  a  right  Angle  is  always  90  Degrees. 
"  32.  If  one  J-ine  AB  fall  obliquely  iJpon  another, 

-"^     CD,  the  Sum  of  :hc  two 

Angles  ABC,  ABD,  is 
,  always  equal  to  the  Sum 
of  two  right  Angles.  For 
on  the  Point  B  defcribc 
die  Circle  C  A  D,  it  is  then  plain,  that  CAD  is  a 
Semicircle  (by  the  15;)  but  C  A  D  is  equal  to 
C  A  and  A  D,  the  Meafures  of  the  two  Angles  : 
Therefore  the  Sum  of  the  two  Angles  is  equal  to  \ 
Serpicft-cle  j  that  is,  to  two  right  Angles  [by  the 
laft).  _         ;      ■    ■ 

Cor.  I.  From  whence  it  is  evident,  that  the.  Sum 
6f  all  the  Angles  which  can  be  made  by  Lines  drawn 
from  a  Pdint  in  any  Line,  on  the  fanaeSide  thereof, 
are  equal  to  two  right  Angles. 

;  2.  And  that  all  the  Angles  which  can  be  made 
about  a  Point,  are  equal  to  four  right  ones. 

33.  If  two  right  Lines,  AC,  B  D,  crofs  each 
other  as  in  E,  the  oppofitc  Angles 
BEA,  CED,  BEC,  apd  AED, 
are  refpeiitivcly  equal.  For  upon 
the. Point  E,  as  a  Center,  defcribe 
the  Circle  ABCD,  then  becaufc 
ABC  is  a  Semicircle,  as  alfo  BCD 
the  i5thy  therefore  the  Arch  ABC  is  equal 
to' the  Arch  BCD;  and  from  \)0i\\  taking  the 
common  Arch  BCj  there  will  remain  AB  equal  to 
C  D,  i.  e.  the  Angle  B  E  A  equal  to  the  Angle 
CED  (by  Art.  ^o.)  Aft^r'the  fame  Manticr  wc 
may  prove,  that  the  Angle  BEC  is  equal  to  the 
Angle  AED.       * 


I 


34  •  V"" 


m^4-  Lines,  which  are 
^al!y  diftant  from  one 

Pnpvfittotis . 

A.                B 

jnothcT  are  caUed  Pa- 
rallel  JJnei  \     as    A  B, 

■ 

CD. 

c             : 

^ 

35.  If  a  Line  G  H  crofs  two  Parallels  AB,  CD, 
the  eifrcrnal  and  oppofite  Angles  arc  equal,  vix. 
G  E  B  equal  to  C  F  H,  and  A  EG  to  H  F  D.  For 
Cnce  A 8  and  CD  are  parallel  to  one  another,  they 
may  be  confidered  as  one  broad  Li[>e,  and  G  H  croff- 
jng  ill  then  the  vertical  or  oppofite  Angles  G  EB, 
C  FH  are  equal  (by  the  33d,)  as  aUb  AEG  .and 
H  F  D  by  the  fame. 

36.  If  a  Line  G  H  crofs  two  Parallels  AB,  CI3t 


^^■'.' 


then  the  alternate  An- 

ties,  viz.  A  E  F  and 
.FD,  or  CFEand 
FEB  are  equal;  that 
is,  the  Angle  A  E  F 
is  equal  to  the  Angle  C 
E  F  D.  and  the  An- 
gle C  F  E  is  equal  to 
the  Angle  FEB,  for 
G  E  B  is  equal  to  A  £  F  (by  the  33d)  and  C  F  H  is 
equal  to  E  F  D  by  the  fame,  but  G  E  B  is  equal  to 
^FH  by  the  laft.  Therefore  AEF  is  equal  to 
,FD  1  the  fame  Way  we  m?y  prove  FEB  equal  to 
FC. 
I  37.  If  aj-ine  C  H  crofs  two  parallel  Lines  AE, 
CJ  D,  then  the  external  Angle  G  E  B  is  equal  to  the 

fernal  oppofite  one  E  F  D,  or  G  E  A  equal  to 
FE.  For  [he  Angl?  AEF  is'equal  to  the  Angle 
'E  F  D  by  the  hft  1  but  A  E  F  is  equal  G  E  B  (by 
^Jie  33d}  therefore  GEB  is  equal  to  EFD;  the 
i^me  Way  wc  may  prove  AE^cqual  to  CFE. 


38.  If 


^(j/  Prcpcfitms^ 

38.  If  a  Line  G  H  crofs  two  parallel  Lines  A  B, 
C  D,  the  Sum  of  the  two  internal  Angles,  -viz. 
BEFamlDFE,  orAEF  and  CF  E  arc  equal  to 
two  right  Angles;  for  fince  the  Angle  G  E  B  is  equal 
to  the  Angle  EFD  (by  the  laft,")  to  both  add  the 
Angle  FEB,  then  GEB  and  BEF  are  equal  to 
BEFandUFEi  butOEBand  BEF  arc  equal 
to  two  right  Angles  (by  the  3 2d,)  therefore  BEF 
and  D  F  E  are  alio  equal  to  two  right  Angles.  The? 
fame  Way  we  may  prove  that  A  E  F  and  C  F  E  am 
equal  to  two  fight  Angles.  ^ 

39.  A  Figure  is  any  Part  of  Space  bounded  by 
LJnes  or  a  Line.  If  the  bounding  Lines  be  ftrait,  ic 
is  called  a  ReSiiUnsal Figure,  as  A-,  if  they  be  curved. 
It  is  called  a  CurvUmtei  figure,  as  B  or  C;  if  they  be 
partly  curve  Lines  and  partly  ftrait,  it  ij  called  a  mxfi 
Figure,  as  D. 

40.  The  moft  fimpk  re£Viltncal 
Figure  is  tl\ai  which  is  bourwled 
by  thrte  right  Lines,  and  is  called 
a  'Triangle,  as  A. 

41.  Triangles  are  divided  into  diffcrcni:  Kinds,  both 
with  refpeft  to  their  Sides  and  Angles  :  with  refpcit 
CO  their  Sider,  they  arc  commonly  divided  injo  pree 
Kinds,  viz. 

42.  A  Triangle  having  it's  three  Sides  equal  to 
one  another,  is  called  an  Eq^uilatcral  Triangle,  as  A. 

43.  A  Triangle  having  two  of  it's  Sides  equal  to 
one  another,  and  the  third  Side  not  eqital  to  cither  of 
them,  is  called  an  Ifofceks  Triangle,  as  B. 

44.  A  Tridngle  having  none  of  it's  Sides  equal  ttj 
one  another,  is  caJlefl^a  Scalene  Triangle,  as  C. 


I 


is-  Tfi: 
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45.  Triangles,  when  denominated  by  their  A* 
gles,  are  divkicd  into  three  different  Kinds,  'jiz. 

46.  A  Tjiailgle  having  one  o£  it's  Angles  right,  ia 
called  a  Rtght- Angled  Triangit,  as  A. 

47.  A'  Triangle  iiaving  one  of*  it's  Angles  obtufc, 
or  greater  than  a  right  ArigJe,  is  called  an  Obtuft- 

48.  Laftl)*,  a  Triangle  having  all  it's  Angles  acucc, 
i&  called  an  ^{Klt'jin£ied  Trian^,  as-  C' 


B 


49.  In  all  tight-afigle'd  Triangles,  the  Sides. conn 


prehending  the  right  Angle  are 
called  the  Legs,  and  the  Side  op- 
pofite  to  the  right  Angle  is  called 
the  Hypolhem/r.-  Thus  in  the  right- 
angled  Triangle  ABC  (the  right 
Angle  being  at  B)  the  two  Sides  A  B  and  B  C  which 
cemprehend  the  right  Angle  ABC,  arc  the  Legs 
of  the  Triangle,  and  the  Side  AC,  which  is  ojipofltc 
to  the  right  Angle  ABC,  is  the  Hypothenufe  of  the 
right-angled  Triangle  ABC. 

50.  Both  obtuic  and  acute-angled  Triangles  arc  in 
general  called  Obliqite- Angled  Triangles,  in  all  which 
any  Side  is  called  the  Baje,  and  the  other  two  the 


Sides 


.  CS'jf  .T^  .Height  of  any  Triangle  is  a  Line  drawfll 


'^'' 


^i 


from  the  Vertex 
Bale  perpendicularly;  thin 
if  tlie  Triangle  ABC  be 
propofcd,  and  BC  it's  Bafe, 
then  A  will  be  the  Vertex, 
,.^  , -, -H.  ^,-j,.  xhe  Angle  oppofite 

to  ilifc  Bare-,  and  if  from  A  you  draw  the  Line 
AD  perpendicular  to  B  C,  then  the  Line  A  D  is 
/  '.  rtit  Height  of  the  Triangle  ABC  ftanding  on  BC 
'l       ,  _      isn'sBafe. 

i^    -'A  Hence  all  Triangles  ftanding  between  the  fame  Pa* 

.^         rtlleJs  have  the  larte  Height,  fince  all  the  Perpendi-. 
"T         culars  are  equal  by  the  Nature  of  Parallels. 

C  5-2.  A  Figure  bounded  by 
four  Sides  is  called  a  ^adrila- 
teral  or  ^adranikiar  Figure,  as 

51.  Quadrilateral  Figures  whofe  oppofite  Sides  are 
'■  parallel,  arc  called  ParaUehgratm.  Thus  in  the  qua- 
drilateral Figure  ABDC,  if  the  Side  A  C  be  paral- 
lel to  the  Side  BD  which  is  oppofite  to  it,  and  AB 
be  parallel  to  CD,  then  the  Figure  A  B  D  C  is  call- 
ed a  Parallelogram.  _  '  ''* 
54.  A  ParaUelogi  Mm  having  all  \C^  Sides  equal  inil 
Angles  fight,  is  called  a  Square  -,  bs  A. 

$$.  That  which  hath  only  the  oppofite  Sides  eqvial 
and  it's  Angles  right,  is  called  a  Ri^langle  -,  as  B. "' "' 
56.  That  which  hath  equal  Sides  but  oblique 'An- 
gles, PS  calkd  z  Rhml/lis,  as  C\  and  Is  fofhetimei 
called  an  inclinad  Square. 


I 
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57.  That  which  hath  only  the  oppofire  Sides  e<iual 
and  the  Angles  oblique,  is  called  a  Rhmbsides,  asD^ 
and  may  be  conccivcd^as  an  inclined  Rettangle, 


Bl 


B 


D 


/ 


.  5S.  "When  none  of  the  Sides  are  parallel  to  ano- 
tW,  then  the  quadrilateral  Figure  is  called  a  2Vtf- 
peziam. 

^^.  Every  other  rtghc-iincd  Figvirc,  that  has  more 
Sides  than  four,  is  in  general  called  a  Pofygen.  And 
Figures  arc  called  by  particular  Names  according  to 
the  KAJmbet  of  their  Sides,  viz.  One.  (rf^  five  3iiies  ]% 
called  a  Pentagcti,  of  fix  a  Hexagon,'  of  feven  a.  Hep- 
tagcn,  and  fo  on. ,  When  the  Sides  forming  a  Poly- 
gon are  equal  to  one  another,  the  Figure  i^  called  a 
regular  Figore  or  Polygon. 

60.  In  any  Triangle  A  3^,  one  of  it's  L^egs,  as 
B  C,  being  produced  towards  D,  the  external  Angle 
ACD  is  equal  to  both  rhe  internal  «ppofitc  ones  taken 
together,  ws.  to  ABC  and  BAG.  In  order  to  proy^ 
this,  through  C  draw  CE  parallel  to  AB;  thcnfinc^ 
the  Lines  A  C  and  B  D  crois  thole  Parallels,  the  An- 
gle ECD  is  equal  to  ABC  (by  the  37th,)  and  the 
Angle  ACE  equal  to  CAB  (by  the  36th -,)  there- 
fore the  Angles  ECD  and  E  C  A  arc  equal  to  the 
Angles  ABC  and  C  AB  -.  but  the  Angles  E  C  D  and 
E  C  A  are  together  equal  10  the  Angle  ACD; 
therefore  the  Angle  A  C  D  is  equal  to  both  the  Au^ 
gles  ABC  and  CAB  taken  together. 
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Gstrttslritai  PrapsJStimts, 

Cor.  ftcnce  it  may  be  prowed,  that  if  tvra  Xiii(is 

/  A  B     and     CD,      be 

A         .E/  B  croffed  fey  a  Hhird  Line 

f^        \  E  F)  and  ilie  alternate 

/     ,  ^<i    Angles  AEF    and  E 

^4= — '■ !■'  D  be  equal,  the  Lines 

3>  A  B  and  C  D  will  be 

paraltel;  for  if  they  are 
not  parallel  fhcy  ninft  fnect  one  another  on  one  Side 
of  the:  Line  E  F  (fuppofe  at  G )  and  fo  form  the  Tri- 
angle E  F  G,  one  of  whofe  Sides  G  E  being  pro- 
duced to  A,  the  exterior  Angte  AEF  mufi:  (by 
this  Article)  be  equal  to  the  Sum  of  the  two  Anglca 
EFG  and  EGF,  btit,  by  Suppoficion,  it  is  equa! 
to  the  Angle  EFG  alone-,  therefore  the  Angle 
AEF  muft  be  equal  to  the  Sum  of  the  two  Angles 
EFG  and  ECF,  and  at  the  fame  Time  equal  to 
the  Angle  EFG  alone,  which  is  abfurd,  (b  the 
LJnes  A  "B  and  C  D  cannot  meeij  and  therefore  muft 
be  parallel. 

61.  In  any  Triangle  A  BC,  thethree  Angles  taken 
together  are  equal  to  two  right  Angles.  In  order  to 
prove  this  produce  BC,  one  of  n's  Legs,  to  any 
Diftancc,  fuppofe  to  D;  then  by  the  hft  Propofiiioni 
the  external  Angle,  AC  D,  is  equal  to  tlie  Slim  of 
the  two  internal  oppofite  ones  CAB  and  AB  C  1  to 
both  addthe  An^le  AC  B,  then  the  Sum  of  the  An- 
gles A  C  D  and  A  C  B,  wiH  be  cqpa!  to  the  Sum  of 
the  Angles  C  AB  and  C  B  A  and  A  C  B.  But  the 
£um  of  the  Angles  ACJ3  and  AC-B  js  equal  W 
two  right  ones  (by  the  32d,)  therefore  the  Sum  of 
the  three  Angles  C  A  B,  C  B  Aj  and  A  C  B  is  equal 
to  two  right  Angles ;  that  is,  t|ieSum  of  the  three 
Angles  of  any  Triartgle  A  C  Bis  cqyal  to  iwo  right 
Angles. 

Cer.  I.  Hence  iif  any  Triangle,  if  .one  of  it's 
Angles  tfcakifown;  the  Sum  tit  -the -©ther  t*o  is 
alfo  known :  for  fince  by  tlie  lafl;,  the  Sum  of  all 
the  three  is  equal  to  two  right  Angles,  or  a  Semi- 
2  circle. 


Ceomeiricai  PropoJ. 
circle,  it  is  plain,  tliat  taking  any  one  of  thtm 
from  a  Semicircle  or  iSo  Degrees,  the  Remainder 
will  be  rhe  Sum  of  the  other  two.  Thus  (in  tbe 
fcrmer  Triangle  ABC)  if  the  Angle  ABC  be 
40  Degrees,  oy  taking  40  from  180  we  have  140 
Degrees;  which  is  the  Sum  of  the  two  Angles  B  AC, 
ACB,  the  tonverfe  of  this  is  alfo  plain,  ws.  The 
Sum  of  any  two  Angles  of  a  Triangle  being  given, 
the  other  Angle  is  alio  known  by  taking  ihai  Sum 
from  180  Degrees. 

2.  In  any  right-angled  Triangle,  the  two  acute 
Angles  jnuit  juft  make  -up  a  right  one  between 
them  ;  coniequently,  any  one  of  the  oblique  Angles 
being  given,  we  may  Sud  the  other  by  liJbtrafting 
the  given  one  from  90  Degrees,  which  is  the  Sum  of 
both. 

62.  If  in  the  Tri«ngles,  A  B  C,  D  E  F,  two  Legs 


A. 


3' -^C    E 


of  rfic  «ne,  be 
qiial  to  two  Legs  in 
the  other,  each  to 
each  relpeiSivelj',  iii. 
ABtoIDEandAC 
to  D  F ;  and  if  the 
Angles  included  benween  fheieqiial'Legs  be  eqaa!, 
viz.  the  Angle  BAC  equal  to  the  Angle  EDF; 
then  i  lay,  that  die  remaining  Leg  of  the  one  (ball. 
be  equal  to  the  remaining  Leg  of  the  other,  viz. 
BC  -to  EFj  and  the  Angles  oppofite  eo  eqoaJ 
Logs  tball  be  equal,  -rra;.  ABC  equal  to  D  E  K 
(tbffing  oppofite  to  the  equal  Legs  AC  and  D  F) 
ailb  ACB  equal  to  DFE  {*whn;lh  arc  oppofite  to 
the  equal  Legs  A  B  and  DE.)  For  if  the  Trianple 
ABC  be  fuppofcd  to  be  lifted  up  and  put  upon  llie 
Triangle  -Dt^F,  and  die  Point  A  on  the  Point  D  -, 
it  is  plain  fince  B  A  and  DE  are  of  equal  Length, 
the  'Point  £  will  faill  upon  the  Point  B  ;  and  fince 
ilie.Ang^s  3AC,-£D:E  -ape  «q4>a),  tke  Line 
r.:-' --A-C 


r 
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A  C  will  fall  upon  the  Line  D  F,  and  they  beii)^  df 
equal  Lcngthj  the  Point  C  will  fall  upon  [he  Point 
F,  and  fo  the  Line  B  C-  wilt  exactly  agree  with 
the  Line  EF,  and  the  Triangle  ABC  will  in  all 
refpcfts  be  exactly  equal  ro  the  Triangle  DEF; 
and  the  Angle  ABC  will  be  equal  to  the  Angle 
DEF,  alfo  the  Angle  ACB  will  be  equal  to  the 
Angle  DFE. 

Cor.  I.  After  the  fame  Manner  it  may  be  proved, 
that  if  in  any  two  Triangles  ABC,  DEF,  (fee  the 
preceding  Figure)  two  Angles  ABC  and  ACB,  of 
the  one,  be  equal  to  two  Angles  DEF  and  DFE 
of  the  other  each  to  each  reipeiftivcly  (xi/z.)  the  Angle 
ABC  to  the  Angle  DEF,  and  the  Angle  ACB 
equal  to  the  Angle  DFE,  and  the  Sides  included 
between  thefe  Angles  be  alfo  equal,  {viz.)  BC  equ^ij 
to  EF,  then  the  remaining  Argles  and  the  Sides  op- 
pofiie  to  the  equal  Angles,  will  alio  be  equal  each 
to  each  rcfpcdtivelyi  {viz.)  the  Angle  BAC  equal 
to  the  Angle  E  D  F,  the  Side  AB  equal  to  DE, 
and  A  C  equal  to  D  F :  For  if  the  Triangle  ABC 
be  fuppofed  to  be  lifted  up  and  laid  upon  the  Triangle 
DEF,  the  Point  B  being  put  upon  the  Point  E, 
and  the  Line  E  C  upon  the  Line  E  F,  fincc  B  C 
and  E  F  are  of  equal  Lengths,  the  Point  C  wili- 
fall  upon  the  Point  F ;  and  fince  the  Angle  ACB 
is  equal  to  the  Angle  DFE,  the  Line  CA  will 
fall  upon  the  Line  FD,  and  by  the  fame  Way  of 
Reafoning,  the  Line  BA  will  fall  upon  the  Line  ED, 
and  therefore  the  Point  of  Interfeflion  of  the  two 
Lines  BA  and  CA,  {viz.)  A  will  fall  upon  the 
point  of  Interfeftion  of  the  two  ^Ines  E  D  and  F  D, 
{viz.)  D,  and  confequcntly  BA  will  be  equal  to  DEl^ 
and  A  C  equal  to  D  F,  and  the  Angle  BAC  equai 
to  the  Angle  E  D  F. 

Cor.  2.  It  follows  likcwifc  from  this  Article,  that 
if  any  Triangle  ABC,  has  two  cf  it's  Sides  AB 
and  A  C  equal  to  one  another,  the  Angles  oppofitc 
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XX)  ihefe  Sides  will  alfo  be  equal,  {vl'z.)  the  Angles 
ABC  and  ACB.  For  let  AD,  bilcaing  the 
Angle  B  A  C,  meet  B  C 
in  D,  then  A  D  will  di- 
vide the  whole  Triangle 
B  A  C  into  two  Tringies, 
ABDand  ACD,  where- 
in BA  and  AD,  two  Sides 
of  the  one,  are  equal  to 
CA  and  AD,  two  Sides 
of  the  other,  each  to  each 
refpeiSiveiy ;  and  the  in- 
cliiiled  Angles  BAD  and  D  A  C  are,  by  Suppo- 
fition,  equal :  Therefore  {by  this  Article)  the  Angle 
ABD  mult  be  equal  to  tfie  Angle  ACD. 

•  63.  An  Angle,  BAD,  at 
the  Circumference  of  a  Circle 
BADE,  is  but  Half  the  Angle 
BCD  at  the  Center,  ftanding 
on  the  fame  Arch  BED.  To 
deqionftrate  this,  draw  through 
A  and  the  Center  C,  the  rigfit 
Line  ACE,  then  the  Angle  . 
ECD  is  equal  to  both  the  Angles  DAC  and 
ADC  (by  the  6othi)  but  fincc  AC  and  CD  arc 
eqiiaf  (being  Radii  of  the  f;ime  Circle)  the  Angles 
fubtended  by  rhem  mull:  be  equal  alfo  (by  Art.  62. 
Cor.  2.)  I  e.  the  Angle  CAD  eqLial  to  the  Angle 
C  D  A  ;  Therefore  DAC  and  ADC  together  13 
double  to  CAD  ;  and  therefore  ECD  is  alfo  double 
DAC.  In  the  fame  Manner  it  may  be  proved,  that 
ECB  is  double  C  A B,  and  confequently  the  Angle 
BCD  doubleto  the  Angle  BAD,  or  BAD  the  Half 
of  BCD,  which  was  to  be  proved. 


m 
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Ceomttricffl  Propfjithns. 
Cor.  I.  Hence  an  Angle  at  the  Circumference  & 
mcafured  by.  Half  the  Arch  it  lubtends,  for  thfc 
Angle  at  the' Center  fitjntling  on  the  fame  Arch)  is 
incafured  by  the  whole  Arc  (by  the  30th  1)  but  fince 
the  Angle  at  the  Center  is  double  that  at  the  Circum- 
ference, it  is  plain  the  Angle  at  the  Circumference 
muit  be  mcafuted  by  only  Half  the  Arch  it  ftan<l& 
upon. 

Cor.  2.  Hence  ail  Angles* 
A  C  B,  A  D  B,  A  E  B,  &c.  ax 
ihe  Circumference  of  a  Circle, 
ftanding  on  the  far/,e  Chord 
A  B,  and  in  the  fame  Segment, 
are  equal  to  one  another:  For 
they  are  all  mcafured  by  th«s 
feme  Arc,  vizT  Half  the  Arc  A  R,  by  the  laft  Co- 
rollary. 

Cor.  3.  Hence  an  Argle  in  a  Segment  greatcf 
than  a  Semicircle,  is  lefs  than  a  right  Angle  :  Thus 
if  ADB  be  a  Seginent  greater  than  a  Semicircle 
(fee  the  laft  Figure)  then  the  Arch  AB^  on  whicfi 
it  ftands,  mult  be  lefs  than  a  Semicircle,  and  the 
Half  of  it  lefs  than  a  Quadrant,  or  a  right  Angle  j 
but  the  Angle  ADB  in  the  Segment,  is  meafured 
by  the  Half  of  A  B  j  therefore  it  ia  leJs  than  a  righi 
Angle. 

"  Cor.  4.    An  Ang!e  in  a  Se- 

micircle is  a  right  Angle.  For 
A  B  D  being  a  Semicircle,  the 
A  re  A  E  D  mwft  alfo  be  a  Se- 
micircle; but  the  Angle  ABD 
is  meafured  by  Half  the  Arc 
A  E  D,  that  is,  by  Half  a  Se- 
micircle, or  a  Quadrant:  There- 
fore the  Angle  ABD  ia  a  right  oae. 
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Ctr.  5.    An  Angle  in  a  Segment  lefs  than  a  Se-/ 
micircle,  is  greater  than  a  righr  .     _B 

Angle:    For   fince  the   Arch 

A  ED  is  fcfs  than  a  Semicircle^       .  /^ ^n 

the  Arch  AED  mult  be  great-      ■"!  ^" 

er  than,  a  Semicircle,    and  its 
Half  greater  than  aQuadrant; 

tlierefore   the    Angle    A  B  D,  

which  is  nieafurcd  by  Half  the  £ 

Arch  AED,  is  greater  than  a  right  Angle. 

64.  From  the  Center  C  of  a  Circle  ABE,  let 
fall  the  Perpendicular  C  D  on  the  Chord  A  B,  ic 
ftiall  bifeft  that  Chord  in  the  Point  D.  To  demon- 
ftrate  this :  From  the  Ccncer  to  the  Extremities  of 
the  Chord  draw  the  Radii  C  A,  CB;  then,  becaufe 
CA  and  CB  are  equal,  the  Angles  CAB,  C  B  A, 
which  they  lubtend,  muft  be  equal  alfo;  (by  ^/. 
62.  Cor.  2.)  but  the  Perpendicular  CD  divides  the 
Triangle  A  C  B  into  two  right-angled  Triangles^ 
ACD  and  C  D  B,  in  which 
the  Sum  of  the  Angles  ACD 
and  CAD  in  the  one,  is  equal 
to  the  Sum  of  the  Angles  Ej  C^ 
DCB  and  CBDjn  the  other, 
each  being  equal  to  a  right 
Angle  (by  Cor.  2.  of^frr,  61.) 
but  C  A  D  is  eqOal  to  C  B  D  ;  therefore  A  C  D  ii 
equal  to  BCD.  So  in  the  two  Triangles  ACD  and 
BCD,  the  two  Legs  AC  and  CD  in  the  one,  arc 
equal  to  the  two  Legs  B  C  and  C  D  in  the  other, 
■each  to  each  refpcftively,  .and  the  included  Angles 
ACD  and  BCD  are  equal :  Therefore  the  remain- 
ing Legs  A  D  and  B  D  are  equal  (by  the  62d)  and 
confequently  A  B  bifefted  in  D. 

65.  The  Perpendicular  CD  drawn  as  above,  and 
produced  till  it  meets  the  Circle  in  E,  will  bifeft  the 

C  a  Arcb 
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Arch  A  B  in  rhe  Point  F  :  For  (fee  the  foregoing  FI- 
gilre)  join  the  Points  A  F  and  F  C,  then  in  the  Tri-' 
angles  ADF,  BDF,  A  D  is  equal  to  DB  (by  the, 
lait)  and  D  F  common  i  therefore  A  D  and  T)  F, 
in  the  Triangle  A  D  F,  are  equal  to  BD  and  0F, 
in  the  Triangle  B  D  F,  and  the  included  Angle* 
ADF,  B  D  F  are  equal,  being  both  right ;  there- 
fore (by  the  62d)  the  remaining  Leg^  AF  and  FB 
are  equal ;  but  in  the  fame  Circle  equal  Lines  are 
Chords  of  equal  Arches,  confeqiiently  the  Arched  • 
AF,  FB  are  equal,  and  the  whole  Arch  AFB  bi- 
fefted  in  the  Point  F. 

Csr.  I,  From  the  64th  it  follows,  that  a  Line  bi- 
fcfting  a  Chord  at  rigtit  /Angles  is  a  Diameter:  For 
(by  the  64ih)  a  Line  di^awn  from  the  Center,  per- 
pendicular to  a  Chord,  bifeits  that  Chord  at  right 
Angles :  Therefore,  convericly,  a  Line  bifefting  a 
Chord  at  right  Angles,  miift  pafs  through  the  Cen- 
ter, and  confequently  be  a  Diameter. 

Car.  2.  From  the  two  laft  it  follows,  that  the  Sine 
lOf  any  Arc  is  Half  the  Chord  of  twice  that  Arc  j 
(fee  the  foregoing  Scheme)  AD  is  the  Sine  of  the 
Arc  AF,  by  the  Definition  of  a  Sine,  and  the  Arc 
A$  is  Half  the  Arc  A  FBj  alfo  A  D  is  Half  the 
Chord  AB  (by  the  64th  j)  therefore  the  Corollary  U 
plaifi; 

66.  In  any  Triangle,  the  Half  of  each  Side  is  the 
Sine  of  the  oppofite  Angle  : 
For  fuppofe  a  Circle  be  drawn 
through  the  three  angular 
Pcynts  A,  B,  and  D,  of  the 
Triangle  ABD-,  then  is  the 
Anale  DAB  meafured  by 
Haff  the  Arch  BKD  (by  Cor, 
I.  of  Jrt.  63.)  but  Half  ihc 
Chord  BD,  viz.  BE,  is  the  Sine  of  BK,  Half  the 
■  Atch  BKD  (by  Ccr.  z.  of  the  Uft)  which  Half  ia  • 

the 
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the  Mcafure  of  the  Angle  BAD:  Therefore  rfalf 
of  B  D  is  the  Sine  of  the  Angle  BAD.  The  fame 
■Way  it  may  be  proved,  that  Half  A  D  is  the 
Sifie  of  the  Angle  ABD,  and  that  Half  AB  is 
^  $ine  of  the  Angle  A  D  B. 

.67.  The  Sine,  Tangent,  iSc.  of  any  Arch,  is  call- 
ed alfo  the  Sine,  Tangent, 
tSc.  of  the  Angle  nieafured  . 
by  that  Arch  : '  Thus  becaufe 
the  Arch  GD  is  the  Meafure 
of  the  Angle  GCD,  and  fince 
GH  is  the  Sine,  DE  the  Tan- 
geht,  H  D  the  verfed  Sine, 
C  E  the  Secant,  GK  the  Co- 
Sine,  B  F  the  Co- Tangent, 
and  CF  the  Co- Secant,  ^c. 
of  the  Arch  GD  ;  then  GH  is  called  the  Sine,  DE 
the  Tangent,  ^c.  of  the  Angle  GCQ,  whofe  Mea- 
sure is  the  Arch  G  D. 

68.  If  two  eqiiai  and  parallel  Lines,  AB,  CD, 
be  joined  by  two  other  Lines,  AC  and  BD;  then 
thefe  Ihali  alio  be  equal  and  parallel.  To  demon- 
ftrate  this,  join  the  oppofite  angular  Points  A  and  D 
with  the  right  Line  A  D  ;  this  Line  A  D  divides  the 
QuadrikteraK  A  C  D  B,  into  two  Triangles,  c/s. 
AB D,  A C D,  in  which  A  B,  a  Leg  of  chp  one,  ' 
is  equal  to  DC,  a  Leg  of  the  other,  by  Suppofi- 
tion,  and  A  D  is  common  to  both  Triangles  j  and 
fince  AB  is  parallel  to  C  D,  the  Angle  BAD  wrll 
be  equal  to  the  Angle  ADC  (by  Art.  36.)  there- 
fore in  the  two  Triangles  B  A,  a'  ,  yk 
AD,  and  the  Apgle  B  A  D,  "^^  ^" 
are  equal  to  C  D,  D  A,  and 
the  Angles  ADC:  That  is, 
two  Legs  and  the  included  0^ 
Angle  in  the  one,  is  equal  to  two  Legs  and  the  in- 
cluded Angle  in  the  other;  therefore  (by  the  6id) 
B  D  is  equal  to  AC;  and  fince  the  Angle  D  A  C 
■■"■■■        .             C  3  » 
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is  equal  to  the  A  ngle  A  D  B,   the  Lines  B  D,    A  C,- 

are  parallel  (by  Cor.  Art.  60.) 

Cor.  I,  Hence  ic  is  plain,  that  the  Qoadrilateritr 
A  B  D  C  is  a  Parallelogram,  fince  the  oppofite  Sidti 
are  parallel. 

Cor.  z.  In  any  Parallelogram,  theLine  joining  the. 
oppofite  Angles  (called  the  Diagonal)  as  AD,  divides 
jpe  Figtire  mto  two  equal  Parrs-,    for  it  has  been 
loved  chat  the  Triangles  ABD,  ACD^  arc  equal 
i  one  another.  , 

\jCor.  3.  It  follows  alfo,  that  a  Triangle  A  C  D,  on 
:  fame  Bafe  CD,  and  between  the  fame  Parallels, 
ith  a  Parallelogram  ABDC,    is  Half  of  diat  Pa- 
Blelogram. 

^.Ccr.  4.  Hence  it  is  plain,  that  the  oppofirc  Sides 
fa  Parallelognim  are  equal :  For  it  has  been  proved, 
:  AfiDC  being  a  Parallelogram,  AB  will  be 
feual  to  CD,  and  AC  equal  to  BD. 
r6c|.  All  Parallelograms  on  the  lame,  or  equal 
Bifes,  and  between  the  fame  Parallels,  are  eqiial  to 
one  another :  Thai  is,  if  B  D  and  G  H  be  equal, 
and  the  Lines  B  H  and  A  F  parallel,  then  the  Pa- 
tallelograms  ABDC,   BDFE,  and  EFHG,  arc 

Kual  to  one  another:  For  A  C  is  equal  10  E  F, 
:h  being  equal  to  B  D  (by  Ccr.  4,  of  6K  •,)  to  each 
d  CE,  then  AE  will  be  equal  to  C  F.  In  the 
Triangles  ABE,  CDF,  A  B,  a  Leg  of  the  one, 
is  equal  to  C  D,  a  Leg  in  the  other,  and  A  E  is 
equal  to  C  F  ;  alfo  the  Angle  B  A  E  is  equal  to  the 
Angle  DCF  (by  the  37th  ;)  therefore  the  two  Tri- 
fngjcs  ABE,  CDI-\  are  equal  (by  the  626%)  and 
taking  tlie  Triangle 
C  K  E  from  both, 
the  Figure  A  D  K  C 
will  be  equal  to  the 
Figure  K  D  F  E  1 
to  both  which  ad4 
thf    little    Triangle 
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KBD,  then  will  the  pAraUdogram  ABDC  be 
€qual  to  the  Parallelogram  BDFE.  The  fame 
"  IVay  k  may  be  proved,  that  the  Parallciograni 
EF  H  G  is  equal  to  che  Parallelogram  F.  F  D  B  ;  fa 
^e  three  Paraliclograms  ABDC,  B  D  F  K,  and 
►FHG,  will  be  equal  to  one  another, 
►■  C«r.  Hence  it  is  plain,  ihac  Triangiea  on  the  fame 
lafe,  and  between  the  fame  Parallels,  are  equal, 
tece  they  arc  the  Halt  of  the  Parallelograms  on  the 
'me  Bafe  and  between  the  fame  Parallels  ;by  Cor.  2, 
F  laft  Art:) 

70.  In  any  right-angled  Triangle,  ABC,  the 
Square  B  C  M  H,  made  upon  the  Hypothenufe,  is 
tqual  to  the  Sum  of  the  Squares  made  on  the  two 
Sides  A  B  and  A  C,  viz^  to  A  B  D  E  and  A  C  G  F. 
To  demonftrate  this:  From  the  Point  A  kt  fall 
AKLr  perpendicular  to  the  Hypijchenufe  BC.  draw 
AH,  AM,  DC,  and  B  G  i  then  becaufe  D  B  is 
rqual  to  B  A,  alio  BH  to  BC  (by  the  5+^1)  .the 
l-wo  Legs  DB  iind  BC  in  the  Triangle  DBC,  are 

|[ual  te  the  two  Legs  A  B  and  BU  in  the  Triangle 
BH,  and  the  included  Angles  DBC  and  ABH 
E  alio  equal  J  (for  DBA  is  equal  to  C  B  H,  each 
Ing  right;  add  ABC  ta  both,  then  DBC  will 
icqualto  ABH)  therefore  the  Triaiig-]cs__D  B  C, 
B-H,  are  equal  (by  the  '  '  "  ' 
BC  is  Half  the  Square 


A  B  D  E  (by  Cor.  5.  of 
-6Sth)  and  the  Triangle 
ABH  Half  the  Paral- 
lelogram BKLH  (by 
the  fame;)  therefore  Half 
the  Square  A  B  D  E  is 
equal  to  Half  the  Paral- 
lelogram BKLH-  Con- 
ndy  the  Square 
iDE  is  equal  to  the 
Bdilelogram  BKLH 


62ii,)   but  tne  Triangle 
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'tis  plain  tlic  Sine,  Tangent,  i^c.  of  every  Arc  ■muflr 
confift  of  fonie  Number  of  thefe  equal  Parrs,  aiid 
by  coinpudng  them  in  Pans  of  the' Radius,  we  may 
form  Tafcles  of  the  natural  Sines,  7'angencs,  ^e.  t* 
every  Arch  in  the  Qiiatlranc,  and  the  Logarichm* 
of  thefe  give  us  Tables  of  Logarithmic  Sines,  T^aii- 
gcncs,  ^c. 

To  underiland  the  Natura  of  which,  and  the  Me- 
thod of  afing  them,  you  muft  know  that  Logarithms 
.are  ooly  sytificial  Numbers,  contrived  to  avoid  long 
lOperations  in  natural  Numbers,  each  of  which  has  a 
LogarirbiTi  belonging  to  it.  Their  Nature  is  fuch, 
,thac  Addition  of  them  anfwdrs  to  Multiplication  in 
'natural  Numbers,  and  Subtraiftion  anfwcrs  to  Dtvi- 
iioti-i  that  is,  when  two  Nuoibers  are  propofed  to  be 
multiplied  into  one  another,  if' we  take  the  Loga- 
rithms anfwering  to  the  Numbers  and  add  them  to- 
'gether,  the  Sum  will  be  tke  Logarithm  anfwering  to 
[he  natural  Number,  wjiich  is  the  Produft  of  the  two 

umbers  propofed. 
'  Again,  when  one  Number  is  propofed  to  be  di- 
vided by  another,  if  from  the  Logarithm  of  the  Di- 
vidend we  fubtrafl:  tbc  Logarithm  of  the  Divifor, 
the  Remainder  ftvall  fee  the  Logaritjim  of  the  Quo- 
lient. 

Now  to  apply  this  to  Practice  :  The  firft  Table  at 
the  End  of  this  Book,  contains  the  Logarithms  of  all 
the  natural  Numbers  from  i  to  jo.ooo;  the  Co- 
lumns marked  at  the  Top  witli  (A'')  contain  thofe 
Numbers,  and  the  adjacent  Columns  their  Loga- 
rithmsi  fo  that  to  find  the  Logarithm  of  any  Integer 
Number  between  i  and  10,000,  we  muil  look,  in  the  . 
Columns  marked  JV  at  the  Top,  'till  we  find  the 
fumber  propofed;  and  that  Handing  on  the  fame 
yne  with  it  in  the  adjacent  Column  is  the  Logarith.m 
required. 

Example.  Let  it  be  required  to  End  the  Loga- 
tttfam  M  365;  by  looking  in  the  Table  according 


CO  the  above  Dtrcction,  I  find  it  to  be  4.1^6229. 
The  Rcveile  of  this,  viz.'  Given  a  Logamhm,  to 
find  from  the  Tabks  ihe  natural  Number  antwcring 
thereto,  is  jjerformcrii  by  looking  inio  ilie  Coiuainj 
owrketl  with  L'-gaiithm  at  Top,  for  which  one  is 
cither  equal,  or  nearcft  fo  to  the  propofed  one,  and 
the  Number  anJweriiig  ro  it  in  the  adjaceot  Column 
is  the  Numlxc  required. 

Example.  Let  it  be  required  to  find  the  natural 
Number  anrwering  co  the  Logaricbm  <. 56229,  by 
proceetling  according  to  the  above  Direiftion  I  lind  it 
to  be  365. 

Again,  if  it  were  required  to  find  the  Logaritlim 
of  a  mixt  Number  j  in  order  to  do  ihjs,  you  may  ob- 
ferve  in  the  Table  of  Logarithms,  that  the  Log4- 
richm  of  10  is  i,  that  of  i  00,  2;  and  of  1000,  3, 
i^c.  and  the  Logariihrns  of  all  the  intermediate  Num- 
bers between  10  and  loo,  iiavc  1  for  the  integral 
Part  of  each,  and  all  tliofe  between  too  and  1000 
have  two  for  the  integral  Part,  and  fo  ooj  which  are 
called  their  Indices. 

Now  becaufe  any  mixt  Number  confifl-ing  of  both 
Integers  and  Decimals,  is  e<]ual  to  the  Qiiotient  of 
the  whole  confidcred  as  an  Integer  divided  by  the 
Denominator  of  the  decimal  fart  ;■  and  fincc  Sub- 
traftion  by  Logarithms,  anlwers  to  Divifion  in  natu- 
ral Numbers;  it  follows,  that  the  Logarithm  an- 
fwering  to  fuch  mixt  Number  may  be  obtained  in 
the  following  manner;  ■y/'z.  Find  ilie  Logarithm  of 
the  whole  conlidered  as  an  Integer;  frotii  which 
take  the  Logarithm  of  the  Denominator  of  the  deci- 
mal Part,  or  (which  is  the  lame)  from  the  Index  of 
the  Logarithm  of  the  whole  tonfidered  as  an  Integer, 
fubtract  a  Number  lefs  by  Unity  than  the  Number 
lof  Places  in  the  Denominator  of  the  Fraftion,  and 
^he  Rerjiair.der  will  be  the  Index,  which  muft  be  pre- 
■jf<i.  in  the  Room  of  thai  belonging  to  the  Logarithm 

of 
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of  the  whole  when  confidcrcd  as  an  Integer,  01%; 
the  Logarithm  of  the  mixt  Number  propofed.  > 
..  Example  i.  Suppofe  you  were  to  find  the  Loga- 
rithm of  36.5;  to  db  this  you  muft  firlt  look  for  th« 
Logarithm  of  365^  which  :s  2.56229;  then  becaufc 
10  is  the  Denominator  of  the  decimal  Part  of  tiitf 
propofed  Number,  antl  1.00000  it's  Logariihm, 
therefore  from  2.56229  take  1,00000,  and,  there  re- 
mains 1.56229  the  Logarithm  required. 

Example  z.  And  to  find  the  Logarithm  of  6.543. 
Firft  find  the  Logarithm  of  6543  coiil'idered  as  an  In^ 
tegcr,  which  by  the  Tables  you  will  find  to  be  3.81 5781 
then  fince  3.00000  is  the  Logarithm  of  1000  the 
Dennmitiaior  of  the  fraftional  Part,  therefore  from 
g.S  1 578  take  3.00000,  and  there  will  remain  0.8 1 578, 
♦hich  is  the  Logarithm  required. 

The  Revcrfe  of  this,  viz.  the  Logarithm  of  a 
Number  confifting  of  .Integers  and  Decimals  being 
given  i  to  find  that  Number,  is  performed  according 
to  the  following  Method. 

Rule.  Look  in  your  Table  of  Logarithms  (witli- 
out  regarding  the  Indices)  for  that  whofe  decimal 
Part  is  equal,  or  nearly  equal  to  the  decimal  Part  of 
the  Logarithm  propofed ;  then  fubtraft  the  Index  of 
the'fqrmer  from  that  of  the  latter;  and  laftly  divide 
thKNumber  anfwering  the  Logarithm  found  in  your 
Tables,  by  a  Number  conlifting  of  an  Unit,  and  as 
many  Cyphers  as  there  are  Units  in  the  Difference 
between  the  two  Indices;  or,  which  is  the  fame, 
cut  off  as  many  Figures  (beginning  at  the  lowed 
Place)  of  the  Number  anfwering  to  the  Logarithm  in 
your  Table,  as  there  are  Units  in  the  Difference  ot* 
the  Indices,  and  the  Number  laft  found  will  be  that 
required. 

Example.  Suppofe  it  were  required  to  find  the 
Number  anfwering  to  the  Logarithm  2.73608. 

In  order  to  do  this,  I  l(Jok  In  the  Table  of  L.a- 
gtrithms    (without   regarding  the  Indices)  for  that 
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■whofe  decimal  Part  is  equal,  or  nearly  fo  to  .73608; 
the  decimal  Part  of  the  Logarithm  propofed,  and  1 
find  it  to  be  3,73608  j  from  the  Index  of  which,  -yra. 
3,  I  take  2,  the  Index  of  the  propofed  Logarithm, 
and  there  remains  i ;  laftly,  I  divide  5446,  the 
Number  anfwering  the  Logarithm  found  in  the  Ta- 
bles, by  10,  and  the  Quotient  544.6  is  the  Number 
required. 

The  Reafon  of  this  and  the  preceding  Rule,  is  plain 
from  the  Nature  of  Logarithms. 

From  what  has  been  faid  on  this  Head  we  may  ea- 
fily  refolve  the  following  Problems  by  the  Loga- 
rithms, v'fz. 

Proh.  1.  Two  Numbers,  as  25.6  and  134,  being 
given  to  find  the  Produft  of  their  Multiplication  ;  to 
do  this  by  the  Logarilhins,  I  firft  look  for  the  Loga- 
rithm of  25.6  wiiich  1  find  to  be  1.40824,  then  for 
that  of  134  which  is  2. 127 10;  thefe  two  Logarithms 
added  together,  gives  3.53534,  which  is  the  Loga- 
rithm of  their  Produdlj  and  the  Number  in  th» 
Tables  anfwering  to  3-53534,  I  find  to  be  3430, 
which  is  nearly  equal  to  the  Produdl  of  25.6  by 

134- 

Again,  if  it  were  required  to  find  the  Produft  of 
36  into  234,  the  Operation  would  be  as  follows: 

2.36922  the  Logarithm  of  234 
^W-  "^'BB^i^  t'>c  Logarithm  of  36 

-   -       Sum  3.92552  the  Logarithm  of  their  Prodiffk 

■which,  by  the  Table,  I  find  to  be  8424,  and'  is  th» 
«xaia  Produ£t  of  the  Numbers  propofed. 

Prob.  2.  Let  it  be  required  to  find  the  QiiotienB 
that  arifes  by  dividing  one  Number  by  another,  fup- 
pofe  828  by  2'3. 

To  perform  this  by  the  Logarithms,  I  firft  look  in 
;he  Tables  for  the  Logarithm  of  828,  the  Dividend, 
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and  find  it  to  be  2.91S03  ;  then  for  ihe  Logamfifn 
of  23»  the  Divilor,  which  is  1.56173,  this  iait  taken 
from  the  former  Logarithm,  there  remains  1.5563*) 
the  Logarithm  of  the  Quotient,  which  anfwers  to  tf 
Number  36  the  Quoiient  required. 

Again,  let  it  be  required  to  divide  3055  by  4* 
by  proceeding   according  to  the  laft  Example, 
ihall  have 


ienilS 


3.4S501  the  Logarkhm  of  3055  the  Dividend^ 
1.67210  the  Logarithm  of  47  the  Divifor, 

1.81291  the  Logarithm  of  the  Quotient, 

the  Number  anfwering  to  which  is  65,  the  Qiiotii 
required. 

Prob.  3.  Three  Numbers  being  given  to  find  a 
fourth  proportional  to  them,  viz.  Such  a  Number  as 
feaU  have  tJie  fame  Proportion  to  the  third  as  the  fc- 
cond  has  to  the  firft. 

Rule.  Take  from  the  Tables  the  Logarithm  <jS 
each  of  the  propofcd  Numbers,  then  add  the  Loga- 
rithms of  the  fecond  and  third  together,  and  from  the 
Sum  take  the  Logarithm  of  the  firiV,  and  the  Remain- 
der Ihall  be  the  Logarithm  of  the  fourth  Number  re- 
quired. 

Example.  Let  the  propofed  Numbers  be  36,  48, 
and  66.,  to  which  we  are  to  find  a  fourth  proportional  1 
by  the  preceding  Rule,  the  Operation  will  ftand  as 
follows : 


r. 68124  the  Logarithm  of  48  the  id  Term, 
1.8 1954  the  Logarithm  of  66  the  3d  Term, 


3.50078  the  Logarithm  of  their  Produfl, 
1.55630  the  Logarithm  of  the  ift  Term,  ^6^ 

4.94448  th?  Log.  of  the  4th  Term  required, 
whtcb^ 
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which,  by  looking  into  the  Tables,  I  find  anfwcrsio 
the  natural  Number  88,  and  is  the  4th  proportioBftl 
to  the  three  propofcd  Numbers, 

Again,  let  it  be  required  to  find  a  fourth  propor- 
lional  to  the  Numbers  24,  344,  and  123  1  by  pro- 
ing  according  to  the  foregoing  Rule,  the  Opera- 
will  ftand  as  follows : 

fi. 15836  the  Logarithm  of  the  2d  Term  144. 
I  the  Logarithm  of  the  3d  Term  123. 

*»  4.24827  the  Logarithm  of  their  Produ(5t» 
t. 3802 1  the  LiOgarithm  of  the  ift  Term  24. 

.fl.868o6  the  Log.  of  73  8,  the  4th  Number  reqtaired. 

^roh.  4.    To  find  the  Square  of  any  Number  by 
jarithms. 

Rule.  Multiply  the  Logarithm  of  the  given  Num- 
ber by  2,  and  the  Produift  is  the  Logarichm  of  the 
-fSquare  fought. 

£xample.  Reqoired  to  find  the  Square  of  36.  Firft 
k  in  the  Table  for  the  Logarithm  of  36,  and 
't  to  be  i -55630,  which  doubled,  gives  3.11260 
the  Logarithm  of  the  Square  fought,  which  I  find 
anfwers  to  the  natural  Number  12,96  the  Square  of 
36,  viz.  the  Produift  of  36  multiplied  inio  itfelf. 

Prob.  5.  To  extract  tlie  fquare  Root  of  any  prO- 
pofed  Number,  i.  e.  to  find  a  Number  which  multi- 
plied into  itfelf,  (liall  produce  the  given  Number. 

Rule.  Divide  the  Logarithm  of  the  propofcd  Num- 
ber by  2,  and  the  Quotient  will  be  the  Logarithm  of 
the  fquare  Root  required. 

Example.     Required  the    fquare  Root  of   12^, 
Firft  I  look  in  the  Tables   for  the  Logarithm  of 
"nd  it  to  be  3. 1 1 260,  which  divided  by  z 
jQ  for  the  Logarithm  of  thcfquace  Root, 
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and  the  natural  Number  anfwering  thereto  Is  ^Gtli* 
Root  required. 

If  for  the  Sine,  Tangent,  fcfr,  of  every 'DegrfO 
and  Minute  in  tlie  Quadrant,  in  the  natural  Tables, 
we  take  the  Logarithm  agreeing  to  each,  we  fball 
have  a  Table  of  Logarichmic  Sines,  Logarithmic 
Tangents,  i^^.  fuch  ia  the  fecond  Table  at  the  End 
of  this  Book. 

In  which  you  may  obferve,  that  each  Page  is  di- 
vided into  eight  Columns,  the  firlt  and  lall  of  which 
contain  Minutes,  and  the  intermediate  ones  the  Sines, 
Tangents,  and  Secants  ;  the  upper  and  lower  Co- 
lumns contain  Degrees-,  the  Column  of  Minutes  on 
the  left  Hand  of  each  Page,  anfwers  to  the  Degrees 
in  the  Top  Column;  and  the  Sines,  Tangents,  and 
Secants,  belonging  to  thefe  Degrees  and  Minutes, 
■are  in  the  Columns  marked  at  the  Top  with  the 
"Words,  Sine,  Tangent,  Secant;  the  Column  of  Mi- 
nutes on  the  right  Hand  of  each  Page,  anfwers  to  the 
Degrees  in  the  foot  of  the  Page,  and  the  Sines,  Tan- 
gents, and  Secants,  anfwering  to  thefc  Degrees  and 
Minutes,  are  in  the  Columns  marked  at  the  Bottom 
•with  the  Words,  Sine,  Tangent,  Secant;  the  De- 
■grees  in  the  Top  Column  beginning  at  o,  proceed  to. 
44  where  they  end,  and  thofe  at  the  Foot  of  the  Page 
begin  at  89  proceed  to  45  in  the  decreafing  Series, 
*he  Degrees  in  the  different  Columns  being  the  Com- 
plement of  each  other.  From  what  has  been  faid, 
■we  may  eafily  find  the  Sine,  Tangent,  or  Secant,  of 
any  Arch,  from  our  Tables,  by  looking  for  the  given 
Number  of  Degrees  at  the  Head  or  Foot  of  the  Page, 
according  as  they  are  lels  or  greater  than  45,  and  in 
the  proper  Side  Column  for  the  odd  Minpces,  if  there. 
,be  any;  then  below  or  above  the  Word,  Sine,  Tan- 
gent, or  Secant,  and  on  the  fame  Line  with  the  Mir<* 
jputes,  we  Qiall  have  that  required. 

Example  i.  Required  to  find  the  Sine  of  36  dig. 
^atit'  To  find  this,  I  look  at  the  Head  of  the  Page 

for 
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1^  %^  deg.  and  in  the  fide  Column  on  the  Left-hand 
for  40  miK.  then  below  the  "Word  Sine,  and  on  the 
iame'Line  with  40,  I  find  9,77609,  which  is  thai  re- 
quired. 

Example  2.  To  find  the  Tangent  of  54  Jfg.  30 
miti.  ■  I  look  at  the  Foot  of  the  Page  (becaule  the 
Degrees  propofed  are  greater  than  45)  for  54  deg. 
and  in  the  right-hand  Cidc  Column  for  30  mw.  then 
in  the  Column  marked  with  'J'angent  at  it's  Bottom, 
and  on  die  fame  Line  with  the  30  miti.  in  the  fide 
Column,  I  find  10.14673,  which  is  the  Tangent  re- 
quired. 

The  Reverfe  of,  this,  -uiz.  to  find  the  Arch  of  a 
given  Sine,  Tangent,  or  Secant,  is  performed  by 
only  looking  in  the  proper  Column  for  the  neareft 
Sine,  Tangent,  is^c.  to  that  propofed,  and  the  Dc^ 
grees  and  Minutes  anfwering  thereto  is  the  Arch 
required. 

The  Secants  might  have  been  omitted  in  the  Ta- 
ble, becaufe  all  the  Proportions  in  which  the  Secants 
are  .concerned  may  be  wrought  without  them,  by  the 
Sines  and  Tangents  only,  as  fiiall  be  ftiewn  particu- 
larly in  the  Solution  of  the  feveral  Cafes  of  plane 
Trigonometry. 

72.  In  any  Triangle,  ~ 

ABC,  if  one  of  it's 
Sides,  A  C,  be  bifeft- 
ed  in  E,  and  through 
E  be  drawn  ED,  pa- 
rallel to  BC,  and  meet- 
ing A  B  in  D  i  then 
will  B  C  be  double 
ED,  and  A B  double 
A  D.  Through  D 
draw  D  F,  parallel  to  A  C,  meeting  B  C  in  F : 
Then,  becaufe  by  Conftruction  DF  is  parallel  to. 
^  ^  and  D  E  parallel  to  B  C,  the  Angle  B  F  D 
D  will 
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v'lU  be  equal  to  the  Angle  E  C  A,  and  the  Angle 
PC  A  to  the  Angle  DEA  (by  Art.  37.}  confo- 
quendy  the  Angle  B-F  D  will  be  equal  ro  the  An- 
gle DEA;  and  (by  the  fame  Article )  the  Angles 
JBDF,  DAE,  will  be  alfo  equal.  Now  lince  DF 
is  parallel  to  E  C,  and  D  E  to  F  C,  D  F  C  E  wiU 
be  a  Parallelogram  ;  and  therefore  (by  Jrl.  60.  Caf. 
4.)  D  F  will  be  equal  to  E  C,  which,  by  Conftruc- 
tion,  is  equal  to  AE.  So  in  the  Triangles  BDF, 
^  DAE,  we  have  two  Angles,  BFD,  BDF,  and  ibe 
included  Side  D  F,  in  the  one,  equal  to  two  Angles, 
DEA,  DAE,  and  the  included  Side  A  E,  in  the 
ether,  each  to  each  refpedively  :  Therefore  {Jay  Art. 
€t.  Car.  I.)  A  D  will  be  equal  to  D  B,  and  confe- 
quently  AR  double  AD;  alfo  (by  ihe  fame)  DE 
will  be  equal  to  BFi  but  DE  is  alfo  (by  Arf.  6f 
Cor.  4.)  equal  to  FCj   therefore  BF  and  EC  tof. 


gether, 


ill  be  double  to  D  E. 
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•nc  fourth,  one  fifth, 


After  the  ftmc 
Manner  it  may  be 
proved,  that  if  in 
the  Triangle  AKG, 
AE  be  a  third  Part 
of  AK,  and  througk 
E,  E  D  be  drawn 
parallel  to  K  Gy 
meeting  A  G  in-D^— 
third  Fart  of  Q  K,   and  A  p  M 

Likewife  !f  irr  any  Trl-  ^ 

angle  ABC,  AE,  be  one 

fourth,  one  fifth,  one  fixth^ 

&c.  of  AB,  and  through 

E  be  drawn  ED,  parallel 

-R    to  B  C,    meeting  A  C  in 

D  i  then  will  D  E  be  the 

one  flxth,  tff.    of  BC,    and 
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AD  Uie  like  Part  of  AC.  Jn  general,  if  m  any 
Triangle  ABC,  there  be  afiUmGd  a  Point  E,  in 
one  of  it's  Sides  AB,  and  through  that  Point  be 
drawn  a  Line  EDi,  parallel  to  one  of  it's  other  Sijes, 
as  BC,  meetbg  rlie  remaining  Side  AC  in  Dj  then 
whatever  Part  A  E  is  of  A  B,  the  fame  Part  will 
EDbcofBC,   andADofAC. 

Cor,  Hence  it  follows,  that  if  in  any  Triangle  ABC, 
there  be  drawn  ED,  paralUl  to  one  of  it's  Sides  BC, 
and  meeting  the  other  two  in  the  Pointe  E  and  D, 
then  AE  :  AB  :  :  ED  :  BC  :  :  AD  :  AC-,  that  is, 
AE  is  to  AB.  as  ED  is  to  BC,  and  as  AD  to  AC. 

73.  If  any  two  Triangles,  ABC,  abc^  are  fimi* 
lar,    that    c,  ^ 


CAB  equal  to  the  Angle  cab,  and  the  Angle  ABC 
equal  to  the  Angle  a  b  c,  and  the  Angle  ACS 
equal  to  the  Angle  a  c  b  ;  then  the  Legs  oppofitc  to 
the  equal  Angles  arc  proportional  -,  that  is,  A  B  :  a  b 
::AC:aci  andAB:ab::BC:bci  and  AC: 
ac::  BC:  be.  On  Aff  fet  off  AE  equal  to  ab, 
and  through  E  draw  ED  parallel  to  BC,  meeting 
AC  in  Di  then  will  A  B,  croffing  the  Parallels  DE 
and  BC,  make  the  Angle  AED  (by  Art.  37.)  equal 
to  the  Angle  ABC,  whicli  (by  Suppofition}  is  equal 
to  the  Angle  abc,  alio  the  Angle  DAE  is  (by  Sup- 
po/jtion)  equal  to  the  Angle  cab ;  ib  in  the  Triangles 
AED,  abc,  the  Angles  DAE,  AED,  of  the  one, 
^jC  equal  to  the  Angles  cab,  abc,  of  cbe  other, 
pch  to  each  rel'peitively,  and  the  included  Side  AE 
is  (by  Conllruftion)  equal  to  the  included  Side  a  b  5 
Amforc  (by  Art.  6i.  Cor.  1.)  AD  is  equal  to  a  c, 
D  1  and 
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and  DE  equal  to  cb;  But  fince  in  the  Triangle 
ABC,  D  E  is  drawn  parallel  to  B  C,  one  of  it's 
Sides,  meeting  the  two  others  Sides  in  the  Poifits  Di^ 
and  E,  therefore  (by  Cor.  Art.  72.)  A  B  :  A  E  :  r\l 
A  C  :  A  D,  and  A  B  :  A  E  :  :  B  C  ■.  D  E,  and-  A  Q/ 
:  A  D  :  :  B  C  ■:  D  E,  and  in  tiie  three  laft  Propor^ 
lions,  inftead  of  thfe  Lines  AE,  DE,  and  AD,  putil 
ting  their  Equals  a  b,  be,  and  ac,  we  (ball  hav^ 
ABiab  ::  AC:  ac,  and  AB  :  ab  : :  BC  ;  be, 
kftiy,  AC  :  ac  ::  BC  :  be. 

74.  The  Chord,  Sine,  Tangent,  &?<:.  of  any^ 
Arch  in  one  Circle,  is  x.6  the  Chord,  Sine,  Tangent/ 
i^c.  of  the  finie  Arch  in  another,  as  the  Radius  of 
the  one  is  to  the  Radius  of  another.     Let  A  B  D, 


83  A 

d-   a / 

abdi  •be- two-.CircIes,   BD,  bd,  Arciics  of  thefd 
Cifcrcs,  ench  confining  of  the  Jame  Number  of  Deiij 

frees ;  I-  D,  f  d,  the  Tangents,  ED,  bd,  the  ChordsjJ 
E,  be,  the  Sines,  fc?i-.  of  Ihefe  Arches  B  D,  bdL 
CD;  and  cd,  the  Radii  of  the  Circles;  tben  I  fayl 
C  P  :  c  d  :  :  F  D  :  f  d,    and  C  D  :  c  d  :  :  B  D  :  b  dl 
andt  D  :  c  d  : :  B  E  :  b  e,  K, .    For  Once  the  Arches 
BD,  bd,  arceiiual,  the  Angles  BCD,  bed, 
be  e(jua],and  FD,  f  d,  bein^  Tangents  to  the  PointJ 
D  and  d,  .the  Angles  CD  F,    c  d  f,  will  be  cqtiaM 
being  each  a  right  Antjlc  {/IrL  23.)  fo  that  in  the 
Triangles  CDF,  c  d  f,"two  Angles,  F  C  D,  CD  F, 
""  the  one,  being  eqtiai  to  tjie  two  Angles  fed,  c  d  f, 

01 
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of.  the  other,    each  to  each,  the  remaining  Angle 
CFD,  will  be  equal  to  the  remaining  Angle  cfd. 
{by  Art.  6i,)  therefore. the  Triangles  CJFD,  cfd,  are 
fimUar,  and  confcquently  (by  Art.  73.)  .CD  :  cd  : : 
FD  :  f d.     In  the  fame  Manner  it  may  be  demon-  ^ 
ftrated,  that  C  D  :  c  d  : :  B  D,  b  d,  and  C  D  :  c  d  : :  ' 
B  E  :  he,  ^i^c^ 

75.  Let  A  B  D  be  a  Quadrant  of  a  Circle  defcribed. 
by  the  Radius  CD-,  BD  an  Arch  of  it,  and  confc- 
quently B  A  it's  Complement,  B  G  equal  C  F  the 
Sine,  C  G  equal  B  F  the  Co-Sine,  D  E  the  Tan-, 
gent,  and  C  E  the  Secant  of  that  Arch  B  D.  Then 
fince  the  Triangles  CDE,  CGB,  are  fimilar,  it  will 
be   (by  Art.  73.)  D  E  :  E  C  :  :  >^ 

GB  :  BC,   /.  c.  the  Tangent  of      .  /' 

any  Arch,  is  to  the  Secant  of  the     A. 
fame,  as  the  Sine  of  it  is  to  the   p 
Radius.      Alfo  fmce  D  E  :  E  C 
: :  G  B  :  B  C,  therefore,  by  invert- 
ing that  Proportion  we  have  E  C 
:DE::BC:GB,  i.e.  the  Se- 
cant of  an  Arch  is  to  the  Tan-    C  Gr 
gent,  as  the  Radius  is  to  the  Sine  of  that  Arch. 

Again,  lince  the  Triangles  CDE,  CGB,  are  fimi- 
lar, therefore  (6y  Art.  y^.)  it  will  be  CD  :  CE  :  : 
C  G  :  C  B, ,/.  ^.  as  the  Radius  is  to  the  Secant  of  any 
Arch,  fo  is.  the  Co-Sine  of  that  Arch  to  the  Radius. 
And  by  inverting  the  Proportion  we  have  this,  viz. 
As  the  Secant  pf  any  Arch  is  to  the  Radius,  fo  is  the 
Radius  to  the  Co-Sine  of  that  Arch. 
.  y6.  In  all  Circles  the  Chord  of  60  is  always  equal 
to  the  Radius.     Thus  in  the 
Circle  A  E  B  D,  if  the  Arch 
A  E  B  be  60  Degrees,  then 
drawing  the  Chord   AB,    I 
fay  A  B  fhall  be  equal  to  the 
Radius  CB  or  AC;    for  in' 
the  Triangle  A  C  B,  the  An- 

D  3  gte 
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gle  ACB  is  60  Degrees,  being  mcafiired  by  the 
Arch  A  E  B  1  iheretore  the  Sum  of  ihc  other  two 
Angle  is  120  Degrees  {\>y  Cor.  1.  of  61K)  but  fince 
A  C  and  C  B  are  equal,  the  two  Angles  CAB, 
CB  A,  will  alio  be  equal,  conrequcntly  each  6a  De- 
grees i  hence  all  the  three  Angles  are  equal  co  one 
another,  confequently  all  the  Legs,  therefore  AB 
i%  equal  to  C  B. 

Cor.  Hence  the  Radius  from  which  the  Lines  on 
any  Scale  are  formed,  is  the  Chord  of  60  on  the  Line 
of  Chords. 

Having  thus  gone  through  the  Theorems  in  Gea- 
fiiitry,  that  are  nccelTary  for  the  Knowledge  of  Na- 
vigasion,  we  Ihall  next  proceed  to  Tome  Problems  that 
arc  ufeful  for  the  Pradice  of  that  Art. 


GEOMETRICAL    PROBLEMS. 


Pro^.tpROM  a  Point  C,  in  a  given  Line  A  B,  to 
I.  -^     raifc  a  Perpendicular  to  that  Line. 
Rule.  From  the  Point  C  take  the  equal  Diftancea 

C  B,  C  A,  on  each  Side  of  it-,  then  ftretch  the 
CompaiTes  to  anyDiftancc  great- 
er than  C  B  or  C  A,  and  with 
one  Koot  of  tiiem  in  B,  fweep 
the  Arch  EE  with  the  other  i 
again,  with  the  fame  Opening, 
and  one  Foot  in  A,  fweep  the 
Arch  G  H  with  the  other ;  join 


.Tti-.y 


H 


A     r       B 

the  Interfeaion  D  of  thefe  two  Arches  with  ihe 
given  Point  C,  and  the  Line  CD  fliall  be  the  Per- 
pendicular required. 

2.  To  bifcft  or  divide  a  given  right  Line  A  B,  in- 
to two  equal  Parts. 

Rule.  Take  any  Diftance  with  your  Compafles 
'  greater  than  Half  the  giv^h  Line  j  then  fetting  one 
^   ■■     ■     ■  Foot 


yp 
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F6ot  of  than  in  B,  with  the 
other  fweep  the  Arch  DFCi 
and  with  the  fame  Diftance, 
and  one  Foot  in  A,  with  the  -^  ^;^ 
other  fweep  the  Arch  C  E  D ; 
the  Interfeftions  C,  D,  of 
thcfc  Arches,  being  joined  by  _,-    ,, 

the  right  Line  D  C,  will  bifeft  AB  in  the  Point  G. 

J.    From  a  given  Point  D,  to  let  fall  3  Perpendi- 
cular on  a  given  Line  AB. 

Rule.  Set  one  Foot  of  the  Compafles  in  the  PoliW 
D,  extend  the  other  to  any  Diftance  greater  than 
_the  leafl  Diftance  between  the  given  Point  and  the 
Line,  and  with  that  Extent  jj 
fweep  the  Arch  A  E  B,  cut- 
ting the  Line  in  the  Points  A 
and  B,  then  (by  the  laft  Pro- 
blem) bifeil  the  Line  AB  in        '-■ 

the  Point  C,    laftly  join  the         A'" 
Points  C  and  D,  then  will  CD  ■.^•* 

be  the  Perpendicular  required.  ,-"v 

4.  Upon  the  End 
B  of  3  given  right 
Line,BA,  to  raife  a 
Perpendicular. 

Rule.    Take    any 
Extent  in  your  Com- 
paffcs,  and  with  one 
foot  in  B  fix  the  o- 
ther  in  any  Point  C, 
above  the  given  Line,   then  with  one  Point  of  the 
'  Compafles  in  C,    defcribe  with  the  other  the  Circle  , 
£B  D ;  through  E  and  C  draw  the  Diameter  EC  D,  1 
meeting  the  Circle  in  D  ;   draw  D  B,  the  PerpendM 
cular  required ;  for  E  B  D  is  a  right  Angle  (by  Cor^ 

*.  of  e-i.)  '  ■ 

D  4 
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5.  To  draw  a  Line  parallel  to  another  given  Line^  I 
as  A  B,  that  (lull  be  any  given  Diftance  D,  from, 
it. 

Rule.  Take  the  given  Diftance  D,  in  your  Com-r 
pafies;  then  letting  one  Foot  of  them  in  any  Point, 
of  the  given  Line  (fuppofe  A)  wiih  the  other  iweep 
the  Arch  FCG;  again,  at  the  fame  Extent,  and 
one  Foot  in  any  other  Point  of  the  given  Line  B, 
-  fweep  the  Arch  H  D  K,  and  draw  the  Line  C  D 
touching  thefe  Arches,  which  will  be  parallel  to  thq 
given  Line  A  B,  and  diftant  frum  it  by  a  Line  equal 
to  D,  as  was  required. 

A  B 


H.. 


6.  To  divide  a  given  Line  AB,    into  any  Num-. 
ber  of  eqii^l  Parts,  fuppofe  7. 

Rule.   From  the  Point  A  draw  a  Line  AD,  mak-. 
ing  any  Angle  with  the  Line  A  B,  then  through  the 
point  B  draw  a  Line  EC,  parallel  to  AD.    From  A, 
with    any    fmall 
[f  ^^^r\     Opening  of  tho 
3'  '"t^f'i  CompafTcs,      fct 

jr^^^y  /  J  off  a  Number  of 

equal  Parts  {on  , 
the  Line  AD) 
lefs  by  one  than 
the  propofed 
Number  (here 
.6,  the  prtipofiid 
Number  being  7 ;)  then  from  B  fct  off  the  fam? 
fJumber  of  chofe  Parts  on  the  Line  B  C  1  laflly,  join  '. 
^  aod  6,   2  and  5,    3  and  4,    4  and  3,    5  and  2,  ^ ' 

«1>4 
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and  X,  and  thefe-. Lines  will  cut  the  given  Laoeias 

required,  »  .      . 

7.  To  quarter,  or  divick, 
a  given  Circle  iato  fqur  oqual 
Barts.  '     f    : 

Rule,  Through  the  Center 
C  of  the  given  Circle  draw 
AB,  then  upon  the  Point 
C  raife  a  Perpendicular 
DCE,  to  the  Line  AB;  and 
thefe  Diameters,  A  D  and  D  E,  fliall  quarter  the 
Circle. 

8.  Through  three  given  Points,  A,  B,  and  D,  to 
draw  a  Circle.  (NotCj  the  three  Points  muft  not  lie 
in  the  fame  ftrait  Line.) 

Rule.  Join  the  Points  A,  B,  and  B,  D,  with  the 
ftrait  Lines  AB,  BD,  then  hy  Prob.  2.  bifeft  AB 
and  B  D  with  the  Lines  F  C  and  E  C,  thefe  Lines 
will  cut  one  alfcther  in  C, 
the  Center  of  the  Circle 
required  ;  then  fixing  one 
Point  of  your  Compafles 
in  C,  and  ftretching  the 
other  to  A,  defcribe  the 
Circle  ABDG,  which  will 
pafs  thro'  the  three  Points 
given.  The  Reafon  of  this 
is  plain  from  Cor.  x.  of  Art* 
65.  . 

9.  From  the  Point  A  of  the  given  Line  AB,  to 
draw  another  Line  A  C,  that  ftiall  makfc  with 
A  B  an  Angle  of  any  Number  of  Degrees,  fuppofc 

45-  ,  .  . 

Rule.  Let  the  given  Line  A  B  be  produced,  then 
take  o/F  your  Scale  the  Length  of  the  Chord  of  60 
Degrees,  which  is  equal  to  the  Radius  of  the  Circle 
fhe  Seal?  W^s  fliadc  for  (by  Jnf.  76.)  aod  fetting 

OftC 


■Th 


Viic  FoM  In  A,  Wrth  the  oEher  fweep  the  Arch  BC  i 
ihen  with  your  Compaflcs  lake  from  your  Scale  the 
"hord  of  45  Degrees,  and  fet  off  that  Diftance  from 
1  to  Cj  laftlyjoin  A  and  C,  and  the  Line  AC  is 
that  required :  For  ilie  Angle  CAB,  which  is  mca- 
furcd  by  the  Arch  B  C,  is  an  Angle  of  45  Degr«s, 
«s  was  required. 


-B-- 


^V     10.  An  Angle  BAG  being  give*,   to  find  how 
^Vmirvy  Degrees  it  contains. 

Iwt.  With  your  Compaflcs  take  the  Length  of 

the  Cliord  of  60  from  your  Scale  j    then  fctting  one 

C  Foot  in  A,    with 

I^f^         the    other    fweep 
^^"^  \  the    Arch     B  C, 

^^--'■''''^             *.  cutting  the  Legs 

.         ^<^5^-  •         AB,   AC   (pro- 

A  '  .S  jn  d  urtii  if  need- 
with  your  CompftflVs  the  Diftance  BC,  and  apply- 
ing it  to  your  Line  of  Chords  on  the  Scale,  you  will 
find  how  many  Degrees  the  Arch  BC  contains,  and 
confcquencly  the  Degrees  of  the  Angle  BAC,  which 
was  required. 

J  I.  To  form  a  Triangle  with  three  given  Lines, 
^v  *,  J?,  and  z,   provided  the  Sum  of  any  two  taken 
^H  tog«thcr  l>e  greater  than  the  third. 
■^  Ruk. 
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BmU.  Make  any  one  of  tUera,  as  x,  the  Bafe  ■,  then 
With  your  Compaffes  take  another  of  them,  as  «,  and 
fctting  one  Foot  in  one  End  of  the  Line  .y,  as  B, 
with  the  other  fweep  the  Arch  D  E.  Take  with 
your  Compaffes  the  Length  of  the  other  y^  and  fct- 
ting one  Foot  in  A,  with  the  other  fweep  the  Arch 
F  G,  cutting  the  former  in  C  ;  laftly,  join  G  A  and 
L-      CB,  then  will  CAB  be  the  Triangle  required. 

m^ ^ F-^.-E 

I 

rT  of 


-^ 


thi 
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To  make  a  Triangle  having  one  of  it's  Lf^ 
of  any  Number  of  equal  Parts  (fuppofe  i6o)  one  of 
the  Angles  a^acent  to  that  Leg  50  Degrees,  and 
the  other  44  Degrees. 

Rule.  Draw  an  indefinite  Line  ED,  then  from  thft 
4ne  of  equal  Parts  take  with  your  Compaffes  1 60  of 
Jem,  which  fet  on  the  indefinite  Line,  from  B  to  C  ; 
"iftien  (by  Proh.  9.)  draw  B  A,  making  the  Angle 
ABC  of  50  Degrees,  and  by  the  fame  Problem  draw 
from  C  the  Line  A  C,  making  the  Angle  A  C  B  of 
44  Degrees ;  thefe  two  Lines  meet  in  A,  and  will,  to- 
gether with  BC,  form  the  Triangle  ABC  required. 


/■' 
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Gioituirieal  Pnkl^s.. 
13,  Upon  a  given  Line  A  B,  to  make  a  Square. 


e  Extremi 
^5,  ratfe  a  Perpendicular 
mal^  AC  equal  w  AB;  with  that  Extent, 


1  Line 
'.  4.)  and 
fetting 
one  Foot  of  the  Com- 
paflcs  in  C,    fwcep  the 
Arch  GH  with  the  fame 
Extent,  and  placing  one 
Foot    in    B,     t'weep  the 
Arch  E  F,    meeting  the 
former  -in    fomc   I*oint, 
as  D;lamy,-joine,  D, 
and  D,  B,  then  will  the 
Figure' A  B  D  C  be  the  Square  required. 

14.  On  a  "given  Line  A  B,  to  draw  a  Rhombus, 
that.fhaU  have  one  of  it's  Angles  equal  to  any  Num- 
ber of  Degrees,  fupprt  60  Degrees. 

Rule.  From  the  Pumc  of  the  g.ven  Line  A  B,  draw 
the  Line  AC,  making  the  Angle  CAB  of  60  Deg. 
(by  pTob.  9.)  Take  AC  equal  to  A  B,  with  that 
Extent  fixi[ig  one  Foot  of  the  Compafies  in  B,  with 
the  other  defcribe  the  Arch  G  H,  and  with  tht^ 
fame  Extent  fixing  one  Foot  of  the  Compaffes  in  C^ 
with  the  other  defcribe  the  Arch  EF,  cutting  the 
former  in  D;  liiftly,  join  C,  D,  and  D,  B,  anct  the 
Figure  A  C  D  B  is  that  rec^u^red. 


Giomlrkal  PrebfUt^ 
15.  'With  two  given  Lines,  x  and  z,  \a  ihakc  in 
Reftanglc. 

Rule.  Draw  a  Line  AB,  equal  in  Length  to  one 
of  the  given  Lines  x,  and  on  the  Extremity  A  of  that 
Line  raife  a  Perpendicular,  in  which  take  AC  equal 
to  the  other  Line  z ;  then  take  with  your  Compaflcs 
the  Length  of  the  Line  AB,  and  at  that  Extent  fix- 
ing one  Foot  in  C,  with  the  other  fweep  the  Arch 
E  F  1  and  alfo  taking  with  yotir  Compalles  the  Ex- 
tent of  the  Line  AC,  fix  one  Foot  in  B,  and  with 
tiie  other  fweep  the  Arch  G  H,  meeting  the  former 

ID;    laftly,  join  C.  D,  and  B,  D,   and  ABDC 
i  be  the  required  Redangle. 
16.  Two  Lines,  .v  and  z,  being. given,  of  thefe  m 
form  a  Rhomboidcs  that  (hall  have  one  of  it's  Angle* 
any  Number  of  Degrees,  luppofe  50.  - 

Ruk.  Draw  a  Line  AB,  equal  in  Length  ro  one 
of  the  Lines,  as  )c,  then  draw  the  Line  AC,  mak- 
ing B  A  C  equal  to  the  propofcd  Angle  of  50  De- 
grees-, make  A-C  equal  to  the  given  Line  x,  then 
take  the  Length  of  AB  in  your  Compaffes,  and  fix- 
ing one  Foot  in  C,  fweep  with  the  other  the  Arcli 
Ef;  alfo  with  the  Length  of  AC  in  your  Com* 
f        pafles,  and  one  Foot  in  B,  with  the  other  fweep  the 

Arch 
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•  ■*  cncc  by  which  we  meafure  the  Slides  and  Ari- 
ses of  pUae  Triat^les. 

2.  Since  Triangles  are  eitlwr  right  or  oblique  an- 
gled, therefore  TrigonDmecry  is  commonly  divided 
ioto  two  Kinds,  viz.  Re^axgvlar  and  Oblique-angular  i 
And  firft  we  fhall  treat  of  Rcdangular. 

3.  In  any  right-angled  Triangle  ABC,  if  the 
Hypoihenule  be  made  the  Radius,  and  with  that  a 
Circle  be  defcribed  an  the  one  End  A,  as  a  Center* 
then  it  ia  plain  thai  BC  nil!  ^e  the  Sine  of  the  Angle 
BAG  (by  Art.  ai.  oS SeS.  I.)  and  ii' with  the  famr 

Diftance, 


"•'.B 


C...,: 


Pirn  %rism»m.' 
tiictu  on  B  as  A 
Center,  a  Circle  be  d?- 
fcribed,  it  is  alfo  evi- 
dent: chat  A  C  will  be 
the  Sine  of  the  Angle 
ABC;  Therefore,  in 
general,  if  the  Hypo- 
ihenufc  of  a  right-an- 
gled Triangle  be  mide 
the  Radius,    the  Legs  '  -- 

will  be  the  Sines  of  their  opptjfite  Angles, 

4.  If  in  a  right-angled  Triangle  D  E  F,  one  af 
the  Legs,  as  DF,  be  made  Radius,  and  on  iIk 
Extremity  D  (next  the  oblique  Angle)  as  a  Cen- 
ter, a  Circle  be  defcribcd,  it  is  plain  that  the  oihcr 
Leg  E  F,  will  be  the  Tangent  trf  the  Angle  at  D, 
Hful  the  Hypothenule  D  E,  the  Secant  oi  the  &ivx 
Ancle  (by  Art.  24,  25,  67,  of 
mA.)  The  fame  Way,  mak- 
ing the  Leg  E  F  Radius,  and 
on  die  Center  E  defcribing  a  Cir- 
cle, the  other  Leg  DF,  will  be- 
come the  Tangent  of  the  Angle 
at  E,  and  the  Hypothenufe  DE, 
the  Secant  of  the  iame. 

5.  It  has  been  already  (hewn  {azArl.  74,  of  Se^.  I.) 
that  the  Chord,  Sine,  Tangent,  i^c.  of  any  Anelc 
in  eat;  Circle,  is  proportbnable  to  (he  Chord,  Sine 
Tangent,  i^c.  of  an  equal  Angle  in  aoy  other  Cir- 
cle-, from  which,  and  the  two  foregoing  Articles, 
the  Solutions  of  the  fcveral  Cafes  of  redtanffular  Tri- 
ganometiy  naturally  follow. 

6.  Since  Trigonometry  confifts  in  determining 
Angles  and  Sides  from  others  gjvci^  there  will  aril? 
various  Cafes,  wJiieii  are  fevcn  in  retaangulap,  and 
fuc  in  Oblique-angular  Trigonometry.. 

We 


Plane  Trigonomtry. 
We  (ball  now  proceed  to  the  Solution  of  che  fcvcrt 
Cafes  of  reiflangular  Trigonotnetry. 

CASE     I. 

The  Angks  and  ent  of  the  Legs  given,  to  find  the 
etber  Leg. 

Example.  In  the  Triangle  ABC,  right-angled  at 
B,  fuppofe  the  Leg  AB,  86  equal  Parts  (as  Feet^ 
Yards,  Miles,  yc.)  and  the  Angle  at  A  33°,  40' 
required  the  other  Leg  B  C,  in  the  fame  Parts  witi 
AB. 

GcBmeSrically. 


Draw  A  B  equal  to  86,  from  any  Line  of  equal 

Parts,  then  (by  Prob.  4.  of  Sct^.  I.)  upon  the  Point 

^  B  ered:   the   Perpendicular 

BC;  laftlj',  from  the  I'oint 

A    draw    the    Lrne    A  C, 

making  wijh  A  B  an  Angle 

equal  to  33°,  40',  and  that 

Line    produced    will    meet 

B  C   in  C,    and  fo  confti- 

tute    the    Triangle,      The 

'*%_  j     ;    Length    of    B  C    may    be 

*-.,_  ;     r'     found  by  taking  ic  in  your 

.  Compafles,     and    applying 

Was  ^fic  ^^m^  Line  of  equal  Parts  from  whence  AB 
taken. 


1 


By  CalcHlatien. 

Firft,  By  making  the  Hypothenufe  A  C  RadhiB, 
the  other  Legs  will  be  the  Sines  oi  their  oppofuc 
Angles  (by  Art.  3.  of  this)  -jiz.  A  B  the  Sine  of 
C,  and  CB  the  Sine  of  A;  now  fince  (by  An,  74. 
ni  Se£i.  I.)  the  Sine,  Tangeat,  ^c,  erf"  any  Angle  in 


I 
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one  Circle  is  proportionable  to  rhe  Sine,  Tangent, 
i^c.  of  the  fame  Angle  in  any  other  Circle,  it  follows 
that  the  Sines  of  the  Angles  A  and  C  in  the  Circle 
whofe  Radius  is  AC,  muft  be  proportional  to  the 
Sine  of  the  fame  Angles,  in  the  Circle,  that  the  fecond 
Table  at  the  End  of  this  Book  is  calculated  for  \ 
therefore  to  find  BC  we  have  this  Proportion ; 

S.  C  ^  A  B  : :  S,  A  :  B  C ; 
i.  e.  as  the  Sine  (in  the  Tables)  of  the  Angle  C  is  to 
the  Length  of  A  B,  fo  is  the  Sine  of  the  Angle  A  (in 
the  fame  Tables,)  to  the  Length  of  BC. 

Now  the  Angle  A  being  33",  40',  the  Angle  C 
muft  be  56°,  20'  (by  Art,  61.  Cor.  2.  Se£i.\.)  there- 
fore looking  in  the  fecond  Table  at  the  End  of  this 
^.ook  for  the  Sines  of  thofe  Angles,  and  in  the  firft 
for  the  Logarithm  of  86  the  given  Leg,  we  fhall  find 
by  proceeding  according  to  the  foregoing  Propor- 
tion, (and  by  Prob.  3.  in  ^/.  71.  Seii,  I.)  the  re- 
~      The  Operation  is  as  fol- 


iquired  Leg  BGt  57.2' 
■Bt,.  .   ''93450 

^K,.'  9-7438° 

P 


11.67830 

9.9Z027 


AB 

S,A 


S,C    56%  20' 


1.75803    BC     57.28 

idly.  Make  AB  Radius,  then  will  BC,  the  re- 
quired Leg  become  the  Tangent  of  the  given  Angle 
A  (by  the  4th  of  this,)  and  the  Proportion  for  find- 
ing B  C,  will  be, 

R  :  T,  A  :;  AB  :  BC; 
i.  e.  as  the  Radius  of  the  Tables,  is  to  the  Tangent 
of  the  Angle  A  therein,  fo  is  the  Length  of  B  Af 


50-  Plane  Trigonometry. 

to  the  Length  of  B  C ;  therefore  looking  in  the  Ta- 
bles for  the  Parts  given  In  the  foregoing  Proportion^ 
and  proceeding  with  tliem  according  to  ihat  Rule, 
we  fhall  find  BC  to  be  57.28  as  before,  the  Ope- 
ration being  as  Allows : 


9.82352 
1.93450 

T,A 
AB 

Rad. 
BC 

33'. 
86 

1.1.75802 

10.00000 

9°" 

1.75802 

57.3; 

Laitly,  making  BC,  the  required  Leg,  Radius^'A^ 
plain  that  A  B  will  be  the  Tangent  of  C,  and  thf 
Proportion  for  finding  B  C  will  be  as  follows : 

T,  C:R;:AB:BC; 

i.  e.  as  the  Tangent  of  C  56",  20'  j-o.  1764J 
is  to  Radius  or  Sine  of  -  90°  -  lo.ooooo- 
ib  is  the  Length  of  A  B     -    8S    -     -      1.93450 

11.93450 

10.17648 


to  the  Length  of  BC      -     57.3S     -     1.75802 

Ti-. .  c  A  s-E  2,', ;  J 

'   ''"fif  Jinxes  and  Me  of  the  I^rJIfcrt*,-  nt  fitd  tirf 
Hypethemife. 

Example.  In  the  Triangle  ABC,  fuppofe  A  B 
ja4,,  ,aT}d  ^be  .ftrigk  A^  3-4.°,  20' i  epnfequp;!!!)' the 
Ap^e;C  55^,40',  reqoiraid  the  I^yjjothenwfc  AC, 
in  the  iamclParts  with  AB.  ,    ' 

Gtmeli-icallX' 


CtemeiricaUy. 

Yhis  Cafe  is  conftruft- 
ed  after  the  fame  Man- 
ner with  the  former,  the 
Hypothenufe  A  C  being 
found  by  taking  its 
Length  in  your  Com- 
paffcs,  and  applying  that 
Length  to  the  fame  Line 
of  equal  Pares  you  took 
A  B  from. 

By  Calcukti 

ifi.  By  making  A  C  Radius  We  (hall  have  the  fol- 
lowing Proportion  for  firiding  AC,  vi:s. 
S,C  :  R  ::  AB  :   ACj 


f.  e.  as  the  Sine  of  C 

55°.  4<^ 

9.91685 

is  to  Radius  or  Sine  of 

-      90°     - 

10.00000 

foisAB 

1-24.    - 

■      2.09342 

ro  AC        .       - 

150.2  - 

-    2.17656 

id^y  Making  A  B  Radius  we  have  this  Propor- 
tion, viz. 


R:Sea  A  t:  AB:  AC; 


i.  e.  as  Radius 
is  to  the  Secant  o£  A 
fo  ia  A  B      -      •■ 
to  A  C    -    -    -    - 


124 


lO.OQOOO 

10.083114 
1.09342 


i 


This  may  be  done  without  the  Help  of  the  Se- 
cants; for  fince  (by  Jrl.  75.  Seii.  I.)  R  :  Sec.  : : 
Co-S  ;  R  i  therefore  the  former  Proportion  will  t 
come 


Co-S,  A  :  R  ::  AB  :  AC. 

E  2  ' 


i.t.  ai  \ 


Plane  l^rigmmel^'. 
i,  e.  as  tlie  Co-S'mc  of  A     34°,  20' 
is  to  the  Radius     -      -      -  ■   .     - 
fo,  is  AB     -     -     -      -      124 
to  AC.- 150.2 

^dij,-  Malting  B  C  Radius,  we  iave  the  ft^bwiri; 
Proportion,  ib^  ._.-.>..-.-     .  ^^ 

T,  C  :  Sec.  C::'ABi■aiC; 


^  e-  as  the  Tangen't  oFC?    55°»  40' 
is  JO  Sec.  C,  -    -    -    -  '  "ss"'  4Q' 
■fois-AB  '  -     -     -     - ,    -       r24 
to  AC     -     -     -     -     -       150.2 


10.1655 

"i  0.2  48712 

■  .■2-09342 

2.176515 


|TbU  piay  alfo  be  done  without,  che  Kelp  of-  Se- 
cants, for  fince  {\if  Art.  :js,  M^A.)  T,  :  Sec.  : : 
S,  :  R;  therefore  the  former  A-^-aiogy  lyill  be  reduced 
to  this,  viz.'  ~  _-_..-. 

where^'ho  Secants  appeari  "^aiid  asj  it 'coai^i(|^s  with 
that  in  the  firil  Suppofition  of  this  Cafe,"fo  we  need 
not  repeat  the  Operation. 


'■tiff'-^i  ■ 


CASE    5. 


the  AngUs  and  Mypotbindfe  givm,  to  find  either  of 
the  Legs. 

Example.  !n  the  Triangle  ABC,  fiippofe  the  Hy- 
poiSicnufe  AC  146  equal  Parts,  and  the  Angle  A 
g&'i  25*,  eonfequently  the  Angle  C  5-3°,  35',  re- 
-.(juired  the  Leg  AB.         - 

*^'*  ■* '"    '  GsBt^elrhalh. 

--.  Dnnr  the  Litfe  AB  at  Pleafure,  and  tnake  the 
Angle  B  A  C  equal  to  36",  25',  (by  Prok  9.  SiS.  I.) 
jhen  take  A  C  equal'  to  1 46  from  any  lL,lne  of  equal 

Parts  i 


\ 


'■    ' 


Parts  i  laftly,  from  the  Point  C  let  fall  the  Perpendi- 
cular C  B  on  the  Line  A  B.  So  the  Triangle  \%  con<- 
ftrufted,  and  A  B  may  be  raeafured  from  the  Line  of 
equal  Parts.     -      ^ 

^*  ■  • 


y    . 


«     « «.  •      •  j.# 


,     1  ■    * 


k  . 


^=^JB-- 


JB[y  Calculation. 

i/.  Making  A  C  Radius  we  (hall  have  the  follow*^ 
ing  Proportion,  viz. 

:R:S,  C  ::  AC:  AB; 

i.  e.  as  Radius  -  -  -  -  lO.ooooQ 
is  to  the  Sine  of  C  -  -  53°,  35'  -  9'9056s^ 
foisAC-    •    -,-     -     146    -    -    2.16435 

to  A  B      -r        ^        -         1 1 7.5     -  .  -    2.0700Q 

>  •  1  ^ 

« 

2i^,  Making  AB  Radius,  we  have  t^e  foUowing' 
Analogy,  viz.  t 

Sec.  A  :  R  ::  AC:  ABj 

/.  e.  as  the  Secant  of  A    -    36"*,  25'     10.09435 . 

is  to  Radius       :^        t    .    n        t.        10.00000 

foisAC         -         -        ^       146     -      2.46435 

to  AB     -  :  -^    ,    -     \^  -t       117.5     -      2.07000 

This  may  be  done  without  the  help  of  Secants^^fdr 

fince  (l?yi  Jr/.  75.  Se^.  L)  Sec.  :  R  : :  R  :  Co-S^  . 

therefore  the  former  Proportion  may  be  re4uced  10  ' 

tbis^  viz^  ^  .         . 

E  3  Rj 


10.22647 

10.1321^ 

£-16435 
2,07000 


H:Co-S,   A   ::   AC:  AB 
which  is  the  fame  witli  the  Proportion  in  the  fii'fl  Svp- 
pofition. 

^dly.  By  fuppofmg  BC  Radius,  we  have  the  foU 
lowing  Proportion,  vifa-. 

Sec.  C  ;  T,  C  w  A  C  ;  A  B  i 

i.e.  as  the  Secaittof  C       53",  35* 

is  to  the  Tangent  of  C       53°,-  35' 

■  fois  AC       -     -      -     -      -        146 

to  A  B     r     T     -     -     -     -      1 J  7-5 

CASE 

The  two  Legs  ieinggi-ven^-tojind  the  Angks. 
Example.    In  the, Triangle  ABC,  fuppofe  A B  94 
snd  B  C  563  required  the  Angles  A  and  C. 

,  C&pmelricaUy. 

Draw  AB  equal  to  94,  from  any  Line  of  cqiial 
Parts,  then  from  the  Point  B-ratfc  BC,  perpendicu- 
lar to  AB  (bjr  Prob.  4.  Sen.  I.)  and  take  BC,  from 
the  former  Line  of  equal  Parts 
equal  ro  56 ;  laftly,  join  the 
Points  A  and  C  with  tnc  ftrait 
Line  A  C,  fo  the  Triangle  is 
conltrudled,  and  the  Angles 
may  be  mcafured  by  Proh.  ib. 


Sell.  I. 


By  Calcuhiioft. 


ifi^  Sc^pofing  A  B  Radius,  we  have  this  Anald- 

AB  :  BC  :>  R  :  T,  Aj  ' 

i.  e.  as  AB  -  ,-  -  94  -:  -  -'  i. 97313 
.isioBC  -  -  -  -  56  -  -  .  J.748J9 
fo  is  the  Radius.      -         ...  -         .    :  laooooo 

^0  the  Tangent  of  A  30°,  47'  -  -  9.775P6 
. ■ "  4  zdfy. 


i 
I 


■I^ane  Trigonmetfy.  5j 

%3hfi  Making  BC  the  Radius,  wc  hav6  this  Pro- 
porcioo,  viz.  .        "     ^ 

BC  :  BA  r^  R  :  T,C; 

i.  ^.  asBC      -      -    -     56    -    -    -  i. 748 19 

IS  to* A B      -    .-'-.     -     94    -    -    -  1-97313 

fo  is  the  Radius  or  Sine  of  90^     -    -  1 0,00000^ 

to  the  Tali^t  of  G    -    59%  13'    -  10.22494 


■   r 


C  A  S"E"  5. 


^b^  Hypathenufe^  and  one  of  the  Legs  ghen^  fo  fini 
fbe  Jrfgkf. 

Example.  In  the  Triangle  DEE,  fuppofe  the 
Leg  DE  S3,  and  the  Hypoth^tiufe  DE  12^  rci» 
quired  tUt  Angles  D  and  F* 


Geometricdlfy. 

Draw  D  E  equal  to  83,  taken  from  any  Scale  ol 
*quar  Parts  5  ,at  the  Point  E  raife  the  Perpendicular 
E  F,  then  take  the  Length  (tf  ^ 

X)F  126,  from  the  fame  Scale 
as  before,  fet  one  Foot  of  your 
Compafles  in  D,  and  with  the 
other  crofs  the  Perpendicular 
E  F  in  F  J  laftly,  join  D  Jihd  \ 
F,  fo  the  Triangle  is  conftruft-  .  Av^ 
ed,  and  the  Angles  may  be  mea*        **%^^  - 

furcd  by  Prob.  10.  Se^.  h  )/..  ^^••••.,„ 


^    .      '     *       By  C^JcutatioH.     .  '     •     ' 
'     '  '  *    ■      ■ 

ijf,  IPtfakmg  DF  iFUdius,  we  have  thisPropor- 
lion,  .vtt.     . 

DF  :  DE  :t  R  :  S>  Fi 


•         '  I  »  >   1 


't. . 


E  4 


.    1  •  *  ,     •. :  -       ■» 


/.A 


if 


»-* 


Plane  Trigenemttry, 

iTf.  asDF     -      -    -     126     -    -    -  2.10037 

is  to  DE      -    .    -    -     8j    -    .    .  1.91908 

fo  is  the  Radius       -         .         -         _  io.ooooq 

tocheSinebfF    -    -     41",  12'     -  9.81871 

idly^  ByJuppofing  D  ERqdi'us,  wc  have  the  fol- 
lowing  Analogy,  viz. 


D  E  :  D  F  : :  R  :  Sec.  D  •, 


».  f.  as  D  E 
is  to  D  F     -     -     - 
fo  is  the  Radius 
to  the  Secant  of  D 


83 

125 


48%  48' 


1. 91908 
2,10037 
10.00000 
10.181291 


This  may  be  done  without  ufing  the  Secants,  fop 
fince  by  Art.  ys-  Seii.  I.  R  :  Sec.  : ;  Co-S, :  R ;  there- 
fore the  preceding  Analogy  will  become  this,  mz. 
DF  :  DE   1;  R  ;  Co-S,  D; 

v^hich  evidently  coincides  with  the  Proportion  de- 
duced from  the  firft  Siippofiiion,  for  the  right  Sine 
of  F  is  the  Cofine  of  P, 


I 


CASE    6. 

^iie  Legs  being  given-y  to  find  the  Hypolhenufe. 

Example.  In  the  Triangle  A  B  D,  luppofe  the  Leg] 

AiJ,  64,  an^  BD,  s^i  required  the  Hypothenufe  AD^' 

Geofuetmsl^,    - 

The  Conftruflion  of  this  Cafe  is  performed  in  the 
fame  Manner  as  the  fourth.  The 
Length  of  the  Hypothenufe  AD  is 
trealbrcd  by  taking  in  your  Com- 
paflcs  that  Line,  and  applying  it 
3  the  fame  Scale,  which  the  Leg^,, 


wcic  taken  from. 


Plane  7>^ 

By  Calculation. 

This  Cafr  being  compounded  of  the  4/5  and  li 
<^afes,  we  muft  firft  find  the  Angles  by  the  41b  thus: 

AB  :  DB  ::  R  :  T,  Aj 

If.  e.  as  the  Leg  A  B  -     -     64      -     -     i. 80618 

Lis  to  the  Leg  D  B     -  -     -    56     -      -     1.74819 

">  is  the  Radius       -  -       -  ,    -     -     10.00000 

3  the  Tangent  of  A  -      41°,  ii'     -    9.94201 

Then  by  the  id  Cafe  we  find  the  Hypothenufe  re- 
.         quired  thus : 
m^"  S,  A  :  R  ::.BD  :  ADj 

^^^M.i.  e.  asiheSineofA          41",  11'  9.81S54 

^^^*  is  to  the  Radius         .         -         .      .  10.00000 

fo  is  the  Leg  B  D       -      -     -     56      -  1.74819 

CO  the  Hypothcnul'e  AD     85.05     -     -  1.92965 

This  Cafe  may  alfo  be  folved  after  the  following 
Manners  W2. 

From  twice  the  Log.  of  the  greater  Side  AB  3.61236 
fubtrafl  the  Log.  of  the  lefler  Side  B  D     -     i. 74819 

and  there  remains     -     ------     i. 86417 

the  Logarithm  of  73.15  j  to  which  adding  the  lefler 

Side  BD,  we  fhall  have  129.15  whofe  Log.  is  2.1 1095 
to  which  add  the  Log.  of  the  lefTer  Side  BD  1.74S19 

and  the  Sum  will  be     -     -     -    -    -    -    3.85912 

the  Half  of  which  is    -      -----     1.92956 

the  Logarithm  of  tfic  Hypothenufe  required. 

Or  it  may  be  done  by  adding  the  Squares  of  the 
two  Side?  together,  and  taking  the  Logarithm  of 
that  Sum,  the  Half  of  whicli  is  the  Logarithm  of  the 
■fiypoihenufe  required ;  thus  in  the  prefent  Cafe : 

The 


'"     / 


the  Square  of  A  B  (64)  is  -  -  -  -'  ::  409^ 
the  Square  of  B  D  \s^)  is---      •      -       3136 

the  §3m  of  thde  Squares,  IS  ^  .  ^  -'  72^^^ 
the  liog^ithm  of wkcfa,  is'  -^-  -  -  'S-^'sgt^ 
the  Half  of  which,- is  -  -  -  -  ^  -  1.92963 
the  Logarithm  of  85,05  the  Length  of  the  Hypo- 

thcnufb  required.  -     .      : 

» ■    *  ■  .     . 

C  A  S  E    7.        ' 

T'ife  Hjfotbenufe  and  one  of  the  Legs  giveny  to  find  the 
(^hep'lJg.  --^  .. ■  '^  '     .    '  '     ■ 

Example.  In  the  Triangle  B  G  D,  fuppofe  tho 
Leg  BG  87,  and  tho  Hypothenufe  BD  142,  re- 
quiri^d  the  Leg  D  G. 


t  I  •  ' 


.       Geometrically. 

.  That  ConftrudfOft  here  is  the  fame  as  in  Cafe  5th, 
the  fame  Things  being  given;  and  the  Leg  DG  is 


,  t 


JB^ 


"*■  •    •   •  «  rfD  tt 


fourtc?  by  taking  it's  Length  in  your  Compaffcs,  and 
apfflying  that  to  the  fame  Scale  of  equal  Parts,  the 
irthcrs'were  takefhfrorfi^  ••  .  - 


Plane  Trigonimtrfi.  '|a| 

■     t 
By  Calculation.' 

The  Solution  of  this  Cafe,  depend^  upon  the  ifi 
ahH  5/i&,  and  firft  we  muft  find  the  oblique  Angles  by 
(!^e  5tb  thus ;         .         . 

DB  :  BG  :  2  R  :  S,  Dj 

l.  e:  as  tficf  Hypoth.  DB  -  J42     -  -    2.15129 

is  the  Leg  BG      1      .    .     87    .  .     I-93952' 

fo  is  Radius     -      •-      *  -        -.  10,00000' 

W  the  Sine  of  D    -r    -    -  37**5  47''  -    9-78723 

Then  by  Cafe  jji  we  find  the  Leg  D  G  required 
thus : 

R  :  S,  B  ::  BD  :  DGj  > 

t:  e.  as  Radius        -        -        -        -     lo.oooop. 
is  to  the  Sine  of  B^    -    -    St^'t^  J}'     -    9.697S1 
fo  is  the  Hypoth.  D  B     -     142      -    -     2.15229 
to  the  L^ig  D  G      -    -     112.2    -    •     2.05010. 

'  The  Leg  D  G  may  alfo  be  found  in  the  following 
[planner,  viz.    ■    - 

To  the  Log.  of  the  Sum  of  the  Hypo-  7  ^ 

thenyfe  and  given  Le^, 'y/z.  .229  -  3    ^'559^4' 
.  add  the  Log,  of  their  Difference,  viz.  55  1.74036 

J  >nd  their  Sqm  is  -  -  -  -  ,  4.10020 
..  the  Half  of  th^t  isf  -  -  -  2.05010 
.',;the  t^pg,  of  1 1 2. 2  the  Lieg  required. 

/^  Or  it  niiay  be  done  by  taking  the  Square  of  the 
given  Leg  from  the  Square  of  the  Hypothcnufe, 
and  the  fquare  Root  of  the  Remainder  is  the  Leg.  re- 
quired tj^qs  in  the  iprefent  Cafe : 

THe 


,  r 


.Tfic  f^quarc  of  thcHypot'nenufe  143,  is 
the  Square  of  the  Leg  UG  S7,  is     - 

'  tK6tr  Difference  Is     - 
whole  Logarithm  is         -         -         -         4,10 

half  that  Logarithm  is    -        -        .       " 
which  anfwcrs  to  the  Natural  Number  1 1 2.2  the  | 
required. 

Thus  we  have  gone  thro'  the  feven  Cafes  of  rij 
angled  Plane  'Trigonometry,  from  which  wc  mayj 
fcrvc  ; 

I  ■  That  fo  find  a  Side  when  the  Angles  are  glJ 
any  Side  may  be  made  Radius. 

2,  To  find  an  Angle,  one  of  ttie  given' Sides  t 
of  Necefiity  be  made  Radius. 

We    now    proceed    to    the   Solution   of  thel 
Cafes  of  oblique-angled  Plane  Trig&nomelrj,   in  T 
der  to  which  we  niuft  premife  the  following  i 
orcms. 

I'hicnm  I,  In  any  Triangle,  the  Sides  are  prod 
lional  to  the  Sines  of  the  Ojjpofitc  Angles.     ThiiT 
the  Triangle  ABC,  AB  ;  BC  ::  S,  C,  :  S,  Ai 
AB  ;  AC  ::  S»  C  :  S,  B ;  alfo  AC  :  BC  ; 
B  r  S,  A. 

Demonpalion.     Let  the  Triangle  A  B  C  be  "^ 
cumfcribed  with  a  Circle;  then 'tis  plain,  from  j 
66.'Sed.  1.  that  Half  each  Side  is  the  Sine  of  it's  opI_ 
pofite  Angle,  to  the  Radius  of  the  circumfcribiftg 
Circle,  but  (by  Art.  74,  SeSi.  I.)  the  Sines  of  thele    ' 
Angles  m  the  Tables,  are  proportional  to  the  Sines 
U  of  the  fame  Angles  to  any 

/\  orher  Radius,  therefore  in 

the    Triangle   ABC,  the 
Sines  of  the  Angles  will  be 
as  the  Halves  of  their  op- 
_^_  — ^(j   pofite  Sides;  and  fince  the    ' 

Halves  are  as  the  Wholes,  il  follows  thai  the  Sines  of 

ihe 


/ 


./ 


Plane  Trigonometry i 
-the  Anglf  s  are  as  their  opporue  Sides,  /'.  f.  S,  C  :  S^ 

A,:;  AB:BC,  6?«:. 

'  Tbeor.  2.  In  any  plane  Triangle  ABC,  ifwill  be  as 
.(he  Sum  of  any  two  Sides  AC  and  BC,  i«  to  ihcir 
Difference,  fo  is  the  Tangent  of  lialf  the  Si«;i  ci 
4]ie  Angles  BAC,  ABC,  at  the  Bafc  A  B,  to  chc 
TaOgenc  of  half  the  Difference  of  the  faoic  An- 
gles. ; 

.  DmoH.  Upon  ilie  Center  C  with  the  Side  B  C  w 
•BAdiys,  defcribe  a  Circle,  meeting  C  A  produced  in  • 
the  feints  D  and  E, 
draw  E  B  and  D  B, 
■then  will  EBD  be  a 
righc  Angle  (by  Cor.  4. 
vfiv*.  63.  Self.  I.)Dra'v 
*lfo:,  A  H  , parallel  to 
E  B,  join  the  Points 
A  B',  draw  the  Radius 
C  B,  and  from  A  let 
fall  AF  perpendicular 
wEB.,  Nyw  becaufe 
she  Angle  DCB  is 
icqual  to  the  Sum  of  the  Angles  B  A  C,  A  B  C,  at  the 
Bafe,  it  is  evident  that  the  Angle  D  EB  or  its  equal 
D_A  H  will  be  half  that  Sum,  and  becaufe  the  Angle 
B  A  G  is  eqial  to  the  Sum  of  the  Angles  C  E  B  {or 
C  B  E)  and.  A  B  E,  it  follows  that  the  Difference  be- 
(twecn  the  Angles  CAB  and  C  B  A  will  be  equal  to  ; 
.twice  the  Angle  ABE,  conlequenrly  the  Anglfe 
ABE  is  halftheDifterep.ee  of  the  Angles  HAG, 
A  B  C  at  the  Bafc  A  B.  But  to  the  Radius  A  H,  the 
Line  DH  is  the  Tangent  of  the  Angle  DA  H,  which 
we  have  juft  now  pr&ved  10  be  eq^ial  to  half  the  Sum 
of  the  Angles  at  the  Bafe,  and  again  to  the  Radius 
B  F  (equal  to  A  H)  A  F  is  the  Tangent  of  the  An- 
,n  like  Manner  has  been  proved 
equal 


Plate  Trigonometry. 
.equal  to  half  the  Difference  of  the  Angles  at  tfce 
Bafe.  The  Triangles  AHD,  AEF  are  fimilar^  and 
conkquently  {bf  Jri.  y 2-  SeSA.)  AD  :  AE  ;:  DH: 
AFor  HB;  that  is  AD,  the  Sum  of  the  Legs  At 
and  C  B,  is  to  A  E,  the  Difference  of  thole  Legs,  as 
D  H  the  Tangent  of  half  the  Sum  of  the  Angles  it 
the  Bale  (the  Radius  being  A  Hj  is  to  B  H  the  Tan- 
gent (to  the  fame  Radius)  of  half  the  Difference  cf 
the  lame  Anglesj  and  therefore  (by  Art.  74.  Se£i.  I.) 
.as  the  tabular  Tangent  of  half  the  Sum  of  the  An- 
gles at  the  Bafe,  to  the  tabular  Tangent  of  half  die 
Difference  of  the  fame  Angles.  ' 

"Theor.  3.  If  to  half  the  Sum  of  two  Quantities  be 
added  half  their  Difference,  the  Sum  will  be  tht 
greater  of  them  ;  and  if  from  half  their  Sum  be  fub- 
traded  half  their  Difference,  the  Remainder  will  fafe 
the  leaft  of  them. 

Demon.  Let  the  two  Quantities  be  reprelcnted  by 
the  Lines  A  B  and  E  C  (making  one  continued  Lincj 
whereof  A  B  is  the  greater,  and  BC  the  lefs.  Bifed 
A  C  in  E,  and  mase  A  D  equal  to  B  C  ;  then  'tis 
plain  A  C  is  the  Sum,  D  B  the  Difference  of  the  two 
Quantities,  A  E  or  E  C  their  half  Sum,  and  E  D  or 
E  B  their  half  Difference.  Now  if  to  A  E  we  add 
E  B»  the  Sum  will  be  A  B,  that  is,  if  to  half  the  Sum 
we  add  the  half  Difference,  the  Sum  wili  be  the 
greater  Qiianticy  ;  alfo  if  from  E  C  we  take  E  B,  the 
Remainder  will  be  B  C,  tliat  is,  if  from  half  the  Sum 
we  take  half  the  Difference  of  two  Quantities,  tht 
|t.emainder  will  be  the  leafl:  of  tliem. 

A  I I  C 


^htv^i 


^■^eoT.  4.  In  any  plane  Triafiglc  A  B  C,  it  will  be 
'z  xh£  Bafe  A  B  is  to  the  Sum  di  die  Sides  A  C  aJid 

fo  is  the  Difference  iaccween  ihofc  Sides  to  the 
Difference  between  AD  and  BD  the  Segments  of  the 
Bafe,  made  by  a  perpendicular  C  D  falling  thereon 
from  the  oppofite  Angle  C. 

Demen,  With  the  longer  Side  CB'as  Radius  upon 
the  Center  C,  dcfcribe  a  CircW,  'meeting  thefhortca) 
Side  (produced  both 
Ways)  in  the  Points  E 
and  F,  and  A  B  pro- 
duced, in  the  Point  G. 
Tl/n  AE  will  be  the 
SwmandAFtheDiffc- 
1-ence  of  the  Sdes  A  C, 
BC.  Lrkewifefince(by 
^/.  64.  5fal,)GDis 
equal  to  BD,  thtrefore 
A  G  will  be  the  Diffe- 
rence of  the  Segments  AD,  BD,  Draw  the  Chord* 
BE,  FG.  Then  in  the  Triangles  B  A  E,  G  AF,  the 
Angles  ABE,  GFA,  are  equal  (by  Cor.  2.  4rt.  63. 
Ssif.  I.)  and  the  Angle  B  A  E,  is  equal  to  the  Angle 
G  A  F,  (by  jirt.  33.  SeB.  I.)  therefore  the  remaining 
Angles  A  E  B,  A  G  F,  muff  be  equal,  and  the  Tri- 
angles ABE,  A  G  F  fin^ilar  j  confequcntly  (by 
Aft.  yj.Si^.l.)  A  B  :  A  E  : :  A  F  :  A  G  ;  that  is. 
A  B  liie  Bafe  is  to  A  E  the  Sum  of  the  Sides  A  C 
_and  C  B,  as  A  F,  the  Difference  of  ihefe  Sides,  is  to 

the  Difference  of  the  Segments  of  the  Bafe. 


C  A  S„E     I. 

/«  fl»y  oblique-angled  plane  Triangle ;  tivo  Sides^  end 
JK  Angle' oppojiti  to  one  of  tbeta^^iven,  tojnd  the  An- 
i^  ofp^file  to  the  other.     "■  ■'  '"'"^ 

"■-■"'-'  "■'■■■"'--.  •   -  'Example. 


Plane  trigonometry. 
In  thcTriargte  ABCjfupJDore  AB  1561 
B,C  84,  and  the  Angle  C,  oppofue  to  BA-.  56°,  jo'i 
required  the  Angle  A  oppofite  to  BC. 


Geometrically.     ■ 
Draw  the  Line  A  C,  and  at  any  Point  of  ii 


fup- 


pofe  C,  make  the  Angle  C  equal  to  56°,  30'  {hy Frob.  j 

9.    Seff.  1.)    take  ij 

C  B  equal  to  S4 

equal  Parts ;  and 

with   the  Length 

of     156     (taicen 

from    the    fame      A''^ ^ \C  1 

Scale  with  CB)  in  your  CompafTcs,  fix  one  Foot  in 
B,  and  with  the  other  crofs  AC  in  A.  Laftly,  join 
A  and  B;  fo  the  Triangle  is  conftrufted,  and  the  re- 
quired Angle  A  may  be  meafured  by  Preb.io.  Seii.  L 

By  Calculation. 

^^  Theorem  i.  we  have  the  following  Proportion 
for  finding  the  Angle  A,  vit. 

A  B  :  S,  C  : :  B  C  :  S,  A ; 


i 


'  i.  e.  as  the  Leg  A  B 
'  ^-e  to  the  Sine  of  it' 
'•    56°,  30' 
'•fcistheLcgBC 


.56'     - 
oppofite  Angle  C,  ? 

-     ti4     - 


2-19312 
9.921 
1.92428-  1 

"■84539  I 
2.193  '*  J 


to  the  Sine  of  it's  opp.  Angle  A  26",  41'     9.65227  1 

C  A  S  E     2. 
The  yfngles,  and  a  Side  oppofue  to  one  of  ihera^  given, 
to  find  a  Side  oppofite  to  the  other. 

Examplt, 


PlMi  ^rigmmetryl  €g 

Example.  In  the  Triangle  H  B  G,  are  given  the 
Leg  HB  125,  the  Angles  at  H  and  B  46°,  15^, 
and  54"^,  22',  rcfpeftively,  the  Angle  G  will  theu 
be  y^""^  %s''y  required  the  Leg  HG. 

•  m 

Geometricallyk 


f       % 


Draw  H  B  125,  from  a  Scak  of  equal  Pvttji 

make  the  Angle  H  46^^    -^  q         V/  ; 

15',  and  B  54°,  22',  then 
produce  the  Lines  HG 
and  BG  to  meet  in  the 
Point  G  -,  (o  the  Triangle 

is  conftrufted,    and  H  G      H  ^ ^  Jb 

isrheafured  by  taking  it*s  Length  in  your  Compaflfes, 
and  applying  it  to  the  fame  Scale  HB  was  taken 
from. 

,        Sy  Calculation. 

By  the  firft  of  the  preceding  Theorems,  we  have 
this  Analogy  for  finding  H  G,  s;iz. 

S^G:HB::S,  B:HG; 

i.  e.  as  the  Sine  of  G    -'  79**,  23'  -  9.99250 

is  t^  the  Leg  HB      -    -  125     -  -  2.09691: 

fo  is  the  Sine  of  B     -    -  54"",  22'  -  9.90996 

•otheLegHG    -     -  103.4    -  -  2.01437 

.    /C  A  S  E    3. 

fwo  Sides  and  an  Angle  oppofUe  to  one  of  them  giv^n^ 
to  find  the  third  Side. 

Example.  In  the  Triangle  KLM,  fuppofe  the  Side 
KL  126  equal  Parts,  and  KM  130  of  the  fame 
equal  Parts,  and  the  Angle  L.(oppofite  to  KM)  63'', 
ao',  required  the  Side  M  L,— 

F  Geometricallyi 


GevmettkaUy. 

'The  Cohftruaion  of  this  Cafe  is  the  faffie  mth 

Cafe  I.  (the  fame  Things  given  in 
bothi  apd  the  I^eg  M  L  mpft  be 
ineaiured  upon  the  fame  Scale  of 
eqiiJil,  Parts  Jbf  wWeh  KL  and 
k  M  were  la^4  down. 

Sy  Calculation. 

The 'Solution  of  this  Cafe  depends  upon  the  twa 
preceding  5  and  firft  we  muft  find  the  other  twa 
Angles  byC^y^iu  tftus:  ,        .  ' 

NK:S,  L::KL:S,  Mj 

/.  ^  as  the  Side  M'K  -  130-   -    -  si.11394. 

is  to  the  Sine  of  I4    -  -  63  ""j  ^o'    -  9.951 16 

fo  is  the  Side  KL  *  -  -  12^    -    -  2.10037 

to  the  Sine  of  M     ^  ^  •  60**,  1'     ^  9-93759 

■  -         •  *  *     • 

Then  by  Cafe  2.  we  find  the  required  Leg  M  L 
thqsj.  ^ 

S,  L:MK:fS,  K:MLi 

i.  e.  as  the  Sine  of  L    *     6^3°,  ao'  -  9-95i  J.^ 

is  to  MK    -    .    -    *    -    130    .  •  2.1 1394 

fo  is  the  Sine  of  K    -    -    53*",  39'  -  9.90602 

to  ML    -    •    -    -    -     117.2    -  -  2.06880 

m  •    -  . 

C  A  S  E    4. 

Two  Sides  and  the  contained  JngU  jpven,  to  find  tl^ei 
Hher  4n(ks. 

£9^ample4 


Plant  Tfigonometry^ '  .     Sj  ' 

£xampk.  In  the  Triangle  A  C  D,  let  A  C  be 
^03,  AD  126,  and  the  Angle  A  54°,  30',  required 
the  Angles  G  and  D.  i 

CiDmtrically. 

•    ^^ 

Draw^  A.D  ii6  eqdal  Parts^  and  njak?  the  Angle 

A  54'',  .jp'j  then  fee  103  equal  Parts  frani  A  to  C, 

and  }oin,tj^^  I'oin^s  Q  D,  ^d  fo  the  Triangle  i$  con-* 


nrti£b!rd.     The  Angles  G  and  D  may  be  tticafufed 
by  a  Lme  of  Ghotds.  .^  =    !      . 

• 

By  Caiculaiion. 

The  Soiutiorl  of  this  Cafe  depends  upon  the  fe- 
COTd.anfJ,  t^^nd  of  the  preceding  Xhfipren^.;  aqtd 
firff  we  .5rt'ul|.  find  the  Sum  and  Difeienfrcj  of  tpe 
Sides/ and 'Half  the  Sum  of  the  ijn^np^a'  APS^i^ 
thus: 

thf  X,;s  A:P  i^      ^. ..    -    ^    -    -.    ^    -     i?6- 
the  Leg  AC  is      -    -    -    ^    -    -    -    -     103 ' 


•«■ 


their  Sum  is---r*----    229 
and  their  Difference  is     ,-,*    -    -    *    *     23 


the  Sum  of  the  three  ^ngles  A,  D,  nfld  G,  is  iSo"^ 
the  Angle  A  is    -•;-.--•:•     54*"  >  3^' 

fo  the  Sum  of  the  Angles  0  and  B-  wiH  be  125",  30' 

adli'H«itf  their  Sam  is^    -%    •    r    -    64;»i  4$' 

-  ;  ■  t  %  ■"    ~    '    '        Then 


>62\ 


Then  by  Theorem  2*  we  have  the  folio 
portion,  viz. 

as  the  Sum  of  t!ie  Sides  AD  and  AC  229 
is  to  their  Difference  -  .  .  -  -  23 
fo  is  the  Tang,  of  Half  the  Sum  " 

of  the  unknown  Angles     - 
to  the  Tang,  of  Half  their  Diff." 

Now  havingHalf  the  Sum  and  Half  the  Difference 
of  the  two  unknown  Argles  C  and  D,    we  find  the' 
Quantity  of  each  of  them  by  Theorem  3.  thus 
To  Half  the  Sum  of  the  Ailgles  C  and  D  62%  45" 
add  Half  their  Difference /-\  -     -     -     -     11°,  02' 


and  the  Sum  ts  the  greater  Angl^  C        -     73°. 

Again,  from  Half  the  Sum     -     -N  -     -     62°. 
lake  Half  the  l5iffcrence—  -     -     ^ 


1.36173 

10.2S816 

9.29005 
Difference 
e  find  the''^H 

lius  '^^1 

62%  45'™ 

02' ^H 
47''H 

62%  4^  m 

11%  o^    W 


and  there  will  remain  the  lefler  Angle  D  -  51°,  43' 

CASE     5. 

T^o  Sides  and  (be  contained  Angle  given,   lo  jind  the 
third  Side. 

Exan^ple.  In  the  Triangle  BCD,  fuppofe  BC  * 
154,  BD  133,  and  the  Angle' at  B  56  ,  03*»*'re-- I 
quired  the  Side  CD.  '  '  " 

Geometrically. 
The  Conftr'uftlon  of  this  Cafe  is  the  fame  with 


A 


i 


tl)«  of  iht  lafl,  and  the  Length  of  D  C  is  found  bjp 
■■   -  .  Wking 


Jplane  Trigonomethy.  -69 

taking  it's  Length  in  your  Cqmpafles,  and  applying 
it  to  the  fame  Scale  of  equal  Pans  that  the  two  jLegs  ^ 
were  taken  from, 

,     By  Calculation. 

The  Solution  of  this  Cafe  depends  upon  the  fecond 
and  fourth  •,    therefore  find  the  Angles  by  the  laft 

*Cafe,  thus : 

•  J  • 

1 

As  the  Sum  of  the  Sides  BD  and  B.C  287     2.45788 
is  to  their  Difference      -      -     -     "     21        1.32222 

foistheTangentofHaIfthe7g  o     -o,  .^    1007272 
SumoftheAnglcsDandCJ^^  '  5»         10.27372 

to  the  Tang,  of  Half  their  DifF.  7  ',  50'   -     9. 1 3806 

Then  by  Theorem  3.  we  find  the  Angles  D  and  C 
thus ; 

To  Half  the  Sum  of  thofe  Angles     -     -     61^,58' 
add  Half  their  Difference     •    -     -     -    -     7**i  50' 


•■'     "^ 


and  the  Suna  is  the  greater  Angle  t)      -.     6^""^  48' 

Alfo,  from  Half  their  Sum     -     -     ^    -     61**,  58' 
take  Half  their  Difference J^'t  5^ 

and  there  remains  the  leffer  Angle  C       -     54**,  oS' 

Xhen  by  Cafe  2.  we  have  the  following  Analogy 
for  finding  D  C,  th?J  Lieg  recjuired. 

S,  C:BD:  :  S,  B:DC; 

*  /.  e:  as  the  Sine  of  C  -     54°,  08'  -  9.90869 

istoBD     -J-     .     .     -     133     .  -  2.12385 

fo  is  the  Sine  of  B    -  •     ^6""^  03'  -,  9.91883 

(Q  pC      -     .     .     .  ^     136.2     -  -  2.13399 


I. 


F  3  CASE 


w  m       ' 

•  •  •  ■   • 

C  A  S  E    6. 

^be  Sides  being  given^  to  find  tb^  Jngkh 
Example.     In  the^  Triaiigle  A  B  C,    fuppofe  A  & 
,156,  BC  84,  and  AC  18575  required  the  Angles 

Geometrically* 

Make  AC  185.7  f^P^  ^'^y  Scale  of  equal Parts^ 
^nd  from  the  fame  Scale  taking  156,  the  Length 
*>f  A  Br  in  your  Gompafles,  fix  one  Foot  in  A, 
end  with  the.  other  f^e^p  an  Arch-,  then  take  14^ 
the  Length  of  B  C,  and  fixing  one  Foot  in  C,  wita 


-3C 


tHe  other  fweep.an. Arch,  crofling  the  former  in 
B ;  join  the  Points  B,  A,  and  C,  and  the  Triangle, 
will  be  conftrufted.  The  Angles  may  be  mea^urc^ 
by  a  Line  of  Chords. 


By  Calculation* 


•  •  • 

Let  fall  BD  from  the  Vcjtex  B^  perpendicular 
to  the  Bafe  ACj  find  the  Segments  AD  and 
p  C,  by  the  following  Proportion,  deduced'  from 
U'beorem  4.  viz.      -      k.      '  . 


Pkine  Trigcnmeiry.  yi 

As  the  Bafe  AC  -  -  -  -  ^  185.7  -  2.26893 
is  to  the  Sum  of  the  Sides  AB  and  BC  240  -  2.3803 1 
fo  is  the  Difference  of  the  Sides  -    72     -     ^-^5733 

' — , 

tP  the  t)iE  of  the  Segments  of  the  Bafe  93    -    i  .9  6  8  7  ^ 

And  having  the  Sum  of  the  Segments,  viz.  the 
whole  Bafe,   and  their  Difference,  we  find  the  Seg- 
pients  themfelves,  by  Theorem  3.  thus : 
To  Half  the  Sum  of  the  Segments     -     -    92  .  8  ' 
^dd  Half  their  Difference      -----    46  .  5 


the  Sum  is  the  greater  Segment  AD     -      139.  3 

Alfo  from  Half  the  Sum  of  the  Segments  -  92  .  8 
take  Half  their  Difference    -    -    -    ^     -    46  .  5 


the^Remainder  is  the  leffer  Segment  DC   -   46  .  3 

The  Triangle  ABC  is  divided  by  the  Perpendi- 
cular D  B  into  two  right-angled  Triangles,  A  D  B, 
^nd  B  D  C  ;    in  the  firft  of  thefe  are  given  the  Hy-« 
pothenufe  AB  156,    and  the  Bafe  AD  139.3,    to 
find  the  oblique  Angles,    for' which  we  have  (by 
Qafe  5.  of  reftangular  Trigonometry)  the  following 
Analogy,  viz. 
As  AB      -------     156     -     2.ig^i2 

is  to  AD   -     -    -    ^     -    ..    -     139.3    .2.14395 
fa  is,  Radius    -t-------   10.00000 

<• 

to  lh,e  Co-Sij(je  of  the  Angle  A  26**,  40'  -  9.95083 

The  Angle  C  is  found  by  the  fame  Cafe,  thus  j 
As  BC    -    r-  -    -    -    -    84    -    -    •   1.92428 
is  to  CD      --,---    46.3     -    -     1,06558 

fo  is  Radius     -,    -.    -     -.    -    -r.    -:    -r    «*  10.00000 


"40  the  Co-Sine  of  C     -    56"^^  jq'    .    -    9-74 130 

F  4  -    Haying 


73  ^hi  Principles  of 

Having  found  the  Angles  A  and  C,  we  get  the 
Angle  B,  by  raking  the  Sum  of  the  two  former  from 
180,  thus: 

The  Sum  of  all  .the  three  Angles  is    -      i  So% 
The  Sura  of  A  and  C  is     -     -     -     -        83  \  *io' 

The  Angle  P  is 96',  50' 

AH  the  Proportions  ufed  in  the  Solutions  of  the 
feveral  Cafes  iri  Plane  Trigemmetry^  may  be  perform- 
ed by  Scale  and  Compats.  On  the  Scale  there  arc 
feveral  Logarithmic  Lines,  viz.  one  of  Numbers, 
another  of  Sines,  and  one  of  Tangents,  tfc.  And 
to  work  a  Proportion  by  thefe  Lines,  extend  your 
Compaflcs  from  the  firft  Term  of  your  Proportion, 
found  on  the  Scale,  to  the  fecond,  and  with  that  Ex- 
tent, fixing  one  Foot  in  the  third  Term,  the  other 
will  reach  to  the  fourth  Term  required. 


I 


SECT.    III. 

Of  the  Pmdples  ef  GEOGRAPHT  md 

AST  RONO  MT. 


l.'TpHE    Land  and  Water  of  this  Earth   make  ' 

up  a  Compofition  of  a  fpherical  Form, 
rather  an  oblate  Figure,  which  is  called  the  TVrr**-  ^ 
qtiious  Globe.  '      \ 

2.  This  Globe  moving  round  it's  Axis  in  24  Hours, 
from  Weft  to  Ealt,  and  thereby  caufing  the  celeftial 
Bodies  to  revolve  apparently  from  Eaft  to  Weft,  in 
the  fame  Time,  make  the  Viciffitudes  of  Day  and 
Night.    '     ^     '■ 

3.  Xhofc. 
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3.  Thofe  two  Points  in  which  the  Axis  of  the 
Earth  meets  the  Siirtace,  are  called  the  Poles  of  the 
Earth';  and  if  the  Axis  be  produced  on  both  Sides  to 
the  Heavens,  it  will  cut  them  in  two  oppofite  Points, 
called  the  Celejlid  Poles.     Tlie  one  towards  the  North 

js  called  the  Ar^k  Pole  -,  and  th?  other  towards  the 
lOUth,  is  termed  jintarSiu. 

f^'  4.  Circles  upon  a  Sphere  are  either  Great  or  Lefs. 

"A  Great  Circle  is  that  whofe  Plane  palTcs  through  the 
Center  of  the  Sphere,  or  whole  Diameter  is  equal  to 
the  Diameter  of  the  Sphere.  A  Lefs  Circle  is  that 
whole  Plane  does  not  pafs  through  the  Center  of  llje 
Sphere,  or  whofe  Diameter  is  lefs  than  the  Diameter 
of  the  Sphere. 

Cor.  I.  Hence  it  is  plain,  that  all  great  Circles  up- 
pn  a  Sphere  divide  it  equally,  and  all  lefs  Circles  di- 
vide it  unequally. 

.  Cor.  2.  And  fince  all  great  Circles  have  the  fatrje 
Center,  viz.  that  of  the  Sphere,  it  is  plain  they  muft 
bifeft  each  others  Circumference. 

5.  Since  the  Earth  moves  round  it's  Axis,  it  is 
plain  that  every  Point  in  the  Surface  (except  the 
Poles,  which  are  at  reft)  will  delcribe  the  Circum- 
ference of  a  Circle ;  and  that  which  is  deicribcd  by  a 
""oint,  lying  in  the  Middle  between  the  two  Poles,  is 

lUed  the  Equator,  or  EquimHial  Line,  or  fimply  the 
Line. 

6.  If  the  Plane  of  the  Equator  be  produced  to  the 
Heavens,  it  will  there  mark  out  a  Circle  called  the 
Celejlid  Equator,  which  divides  the  Earth  and  Hea- 
vens into  two  Hemifpheres,  that  towards  the  North 
being  called  the  Northern  Hemfphere,   and  that  10- 

',s  the  South,  the  Southern. 

7.  Great  Circles  pafTing  through  the  Poles  of  the 
'orld,  and  cutting  the  Equator  at  Right  Angles, 

called  Meridians ;  and  that  which  pafies  over  any 
lace,  is  called  the  Meridian  of  that  Place. 
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8.  The  DiftaTice  of  any  Place  upon  the  Earth, 
from  the  Equator,  counted  in  Degrees  upon  the  Me- 
ridian, is  called  the  Lalhitde  of  that  Place  -,  and" it  is 
either  North  or  South,  according  as  it  lies  upon  the 
North  or  South  Side  of  the  Equator. 

9.  Since  by  the  Rotation  of  the  Earth  about  it's 
Axis,  every  Point  upon  it's  Surface  defcribes  a  Circle, 
it  is  plain  all  the  Points  between  the  Equator  and  Poles 
muft  defcribe  Circles  parallel  to  the  Equator;  and 
(hefe  are  called  Paralbh  of  Letiit{^e. 

10.  The  Difference  of  Latitude  between  two  Places, 
is  the  Arch  of  a  Meridian,  contained  between  the  Pa^ 
lallcls  of  Latitude  paffing  over  ihefe  Places. 

Cor.  I.  Hence  if  the  two  Places  lie  both  on  the 
feme  Parallel,  they  will  have  no  Difference  of  Lati- 
tude. 

Ccr.  2.  If  the  Places  lie  both  on  the  fame  Side  of  ^ 
the  fequatbr,  and  on  different  Parallels,  then  their 
Difference  of  Latitude  is  found  by  taking  the  lefs 
Latitude  from  the  greater. 

'Csr.  3.  But  if  the  Places  lie  on  different  Sides  of 
the  Equator,  then  their  Diftance  in  Latitude,  13, 
equal  to  the  Sum  of  the  two  Latitudes. 

t  i.  The  Coiuphaent  sf  the  Latitude  of  any  Place, 
is  that  Latitu.le  taken  from  ^o  Degrees,  or  the  Dif- 
tance  of  the  Place  from  the  neared:  Pole. 

12,  The  Lmsgiiude  of  any  Place  upon  theEarth, 
is  an  At-ch  of  the  Equator  intercepted  between  the 
firlt  Meridian,  and  the  Meridian  palBng  through  (he 
propofed  Place:  Which  is  equal  to  the  Angle  at  the 
Tole  foritied  by  the' firlt  Meridian,  and  the  Meridian 
Of  the  Place. 

13.  The  firfl:  Meridian  may  be  placed  atpleafure» 
p^ing  through  any  Place,  as- London,  Peris,  Teaeriff, 
&c.  and  the  Longitudes  counted  from  it  will  be  either 
Eaft  or  Weft,  according  as  .they  lie  on  the  Eaft  or 
Weil  Side  of 'that  Meridian. 
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I  i4'  The  Difference  of  Longitude  between  two  Places 
1  the  Earth,  is  an  Arch  of  the  Equator  compre- 
hended between  the  Meridian  of  thofe  Places^  artl 
the  greateft  poffible  is  i  80  Degrees,  viz.  when  the 
two  Places  lie  on  oppofite  Meridians. 

15.  Since  by  the  Motion  of  the  Earth  about  it's 
Axis,  every  Point  upon  the  Surface  defcribes  the 
Circunnference  of  a  Circle,  or  360  Degrees,  in  24 
Hours  Time,  it  is  plain  in  one  Hour  it  muft  dcfcribe 
15  Degrees:  Therefore  any  Place  lying  15  Degrees 
to  the  Eallward  of  another,  has  the  Sun  upon  it's 
Meridian  one  Hour  fooner  than  the  other-,  fo  when 
it  is  twelve  o'clock  in  the  eaftermoft  Place,  it  will 
be  bur  eleven  in  the  other. 

Cor.  Hence  the  Difference  of  Longitude  may  be 
converted  into  Difference  of  Time,  by  allowing  i 
Hour  for  every  15  Degrees,  and  proportionally  for 
Minutes,  &c.  alio  Difference  of  Time  may  be  con- 
verted into  Difference  of  Longitude,  by  allowing  15 
Degrees  for  every  Hour,  and  proportionaliy  for  other 
Time.  Confequently,  by  knowing  the  one,  we  can 
find  the  other. 

16.  If  we  fuppofe  a  Plane  touching  the  Surface  of 
the  Earth  in  any  Point  (upon  which  a  Speftator 
is  Handing)  and  produced  to  the  Heavens,  it  will 
there  npake  a  Circle  called  the  Horizon,  which  fc- 
parates  the  vifible  from  the  invifible  Part  of  the 
Heavens.  This  Horizon  is  properly  the  fenfible 
'Horizon ;  the  true  or  rtiticnal  Herizon  is  a  great 
Circle  parallel  to  the  fenfible,  and  pafling  through 
the  Center  of  the  Earth,  wiiich  divides  the  Heavens 
and  Earth  into  Hemifpheres,  one  being  called  the 
Upper,  and  the  other  ihs-Loiver  Hemifpbere. 

17.  Thefe  Horizons,  when  produced  to  the  Hea- 
vens, may,  without  any  fenfible  Error,  be  fuppofed 
to  coincide:  The  Diitance  between  them,  or  the 
Earth's  Semidiameter,  vanifhing  when  compared  with 
fuch  a  Diftancc. 

4  l§.  Siocc 
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tS.  Since  the  Earth  moves  round  it's  Axis  from 
"Wert  CO  Eafl,  it  is  plain  a  Spedator  upon  it's  Surface, 
together  with  his  Horizon,    muft    move    the  fame 

.Way  1  conft'quently,  thcfe  Celellial  Bodies  towards 
the  Eaft,  that  were  before  hid,  will  become  vifi- 
ble,  the  Horizon  bt-ing  deprefled  before  them ;  and 
thofe  towards  the  W<,'H:,  that  were  before  in  View, 
■will  bfcome  itivifible,  the'  Horizon  being  elevated 
above  them.  And  hence  arifes  the  apparent  Mo- 
tion of  all  the  heavenly  Bodies,  by  which  they  ap- 
pear to  defcribe  Circles  about  the  Poles,    parailel 

,to  the  Celcftial  Equator,  and  arc  greater  or  lefs  ac-  ^ 
cording  as  they  are  more  or  lefs  dillant  from  the  V 
nearcft  Pole.  H 

19.  When  any  ce'.eftial  Body  comes  firft  in  View, 
or  when  it  is  on  ihe  Eaftern  Side  of  the  Horizon,  it 
is  then  faid  tq  Rife;  and  wJien  by  it's  apparent  Mo- 
tioa  it  comes  to  the  Meridian,  it  is  faid  to  Culmtnaie\ 
and,  iaftly,  when  it  begins  to  dilappear,  or  is  upon 
the  Wcftcrn  Side  of  the  Horizon,  it  is  then  faid  to 
Set. 

20.  If  through  the  Center  of  the  Earth  (here  be 
drawn  a  Line  perpendicular  to  the  Plane  of  the  Ho- 
rizon, and  produced  tp  the  Heavens,  it  will  there 
mark  out  two  Points;  the  one,  which  is  dircftly 
over  out  Heads,  is  called  the  Zenith;  and  the  oppo- 
fite  Point  thereto,  wliich  is  invifible  to  us,  -ju.  d^ 
reftly  under  our  Feet,  is  called  the  Nadir. 

21.  P'ertical  or  Azimuth  Circles,  are  great  Circle* 
pafling  through  the  Zenith  and  Nadir,  and  cutting  the 
Horizon  at  right  Angles.  Amopg  the  vertical  Cir- 
cles there  are  two  principal  ones,  wz.  the  Meridian, 
which  pafie5;  through  the  Zenith,  Nadir,  and  Poles, 
jnd  CUES  both  the  Equator  and  Horizon  at  right; 
Angles;  the  Points  in  which  it  cuts  ihe  Horizon  ai« 
the  South  and  North  Points  5  and  the  other  prbci- 

.psl  Vertical,  called  the  prime  P'erticaly  is  that  which 

cuts  the  Meridian  at  riglit  Anglesj  and  meets  the 

Horizoa 
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Horizon  in  two  oppofice  Points,  called  the  Ea(t  and 
Weft  Points. 

22.  l.e/rer  Circles  parallel  to  the  Horizon,  are- 
called  Almkanthers^  or  Paralleis  cf  Ahitude.  And 
thefe  continually  decreafe  the  nearer  they  are  to  the 
Zenith. 

23.  The  Altitude  of  any  heavenly  Body  above,  or 
Deprelfion  below  the  Horizon,  is  an  Arch  of  a  vertical 
Circle,  intercepted  between  the  Horizon  and  Center 
of  the  Objeft. 

24.  The  Zefiiib  DIftance  of  any  heavenly  Objeft, 
is  that  Arch  of  the  vertical  Circle  paffing  through 
it,  intercepted  between  the  Center  of  the  Objed 
and  the  Zenith,  which  is  always  the  Complement  of 
the  Altitude. 

25.  Let  the  Circle  AHNO  reprefent  the  Earth, 
projeiled  on  the  Plane  of  fome  Meridian,  A  fbmc 
Place  upon  that  Meridian  j  draw  the  Diameter  H  O 
at  a  Quadrant,  or  90  Degrees,  Diftance  from  A ; 
then  H  O  will  reprefent  the  Horizon  of  tlie  Place  A 
(by  Art.  16.  of  this.)  Let  P  and  p  be  the  two 
Poles ;  conl'equently  P  p  the  Axis  of  the  Earth, 
and  the  Diameter  EQ_at  right  Angles  with  that, 
will  reprefent  the  Equator  (by  Art.  5.)  make  P  a 
equal  to  P  A,  and  draw  the  Circle  A  a  parallel  to 
the  Equator  EQj  and  this  will  be  the  Parallel  of 
Latitude  the  Place  A  is  in  ;  the  Arch  AE  will  b« 
the  Latitude  of  the  Place  A,  and  AP  the  Comple- 
ment of  it's  Latitude  (by  Art.  8.  and  11.)  the  Point 
in  the  Heavens  direftly  above  A  will  be  the  Zenith, 
and  that  direftly  above  N  will  be  the  Nadir  of  the 
Place  A  (by  Art.  20.)  the  great  Circle  ACN  will  be 
the  prime  Vertical  (by  Art.  2  1 .)  and  the  Points  H  and 
O  will  be  the  South  and  North  Points,  and  C  will 
reprefent  the  Eaft  arid  Welt  Points  in  the  Horizon 

,  of"  A.     Let  S  be  any  heavenly  Objefl,   and  ASN 
(vertical  or  azimuth  Circle,  pafling  through  the  Cen- 

tcc 


ter  of  the  ObjeL%  alfo  KS  it's  Parallel  of  Aiticudej  • 
then  SG  will  be  the  Altitude,  and  SA  the  Zeniih -' 
Eiftancc  of  the  Objeft  S  (by  Jrt.  23  and  24.)     A* 
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Mm,  let  any  other  Place  upon  the  Earth  be  afliimed^ 
■  asB,  and  it's  Merid-  ■■!  will  be  PB^,  and  it's  Parallel 
of  Latitude  DBt/;  then  the  Latitude  of  B  will  be 
B,p'  or  DE,  and  the  Cgmplement  of  it's  Latitude 
will  be  BP  or  DP.  Alfo  the  Diiierenee  of  Latitude 
between  the  two  Places  A  and  B,  will  be  BL  or  D  A 
{hy  Aft.  10.)  If  the  Meridian  paffing  through  A,  be. 
"fuppofed  the  firfb  Merid  ian,  then  the  Longitude  of  B 
will  be  E  F  (by  Jrt.  1 2  0  but  if  the  Meridian  of  A 
be  not  fuppofcd  the  firft  Meridian,  then  the  Difference 
ojf  Longitude  between  the  two  Places  A  and  B  will 
be  EF  (by  >/.!+.) 

26.    The  Syftem  of  the  Univerfe,    according  t 
the  Iftttft  Aitronomcrs,  is  as  follows,  -viz.   The  Su 
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is  fuppofed  to  be  in  the  pommon  Center  of  Gra-. 
vity  of  fix  opake  fphcrical  Bodies,  called  Planets^  . 
which  are  at  different  Diftances  from  the  Sun,  a^ci 
perform  their  feveral  Periods  round  him  in  dif- 
ferent Times.  The  Names  of  thcfe  Pl^anets,  and  the 
Chara6te/s,  by  which  they  are ,  expreflcd,  are  as  fol-^ 
low,    viz.    Mercury    8,    Fenus.    ?,    the  E^rth^, 
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Mars  #,  Jupiter  %^  and  Saturn  h.  And  they  all 
move  round  the  Sun,  from  Weft  to  Eaft,  in  Orba 
very  little*  inclined  to  one  another,  and  the  Planes 
of  thefe  Orbs  cut  one  another  in  Lines  paffing 
through  the  Center  of  the  Sun }   confequently  z 

Spectator 
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SpciSatqr  placed  in  the  Center  of  the  Sun,  will  be 
in  the  Plane  of  each  of  their  Orbs,  and  will  there 
view  the  Planets,  performing  their  fcveral  Periods 
round  him,  from  Welt  to  Eaff,  according  to  the  Or- 
der of  the  Letters  A  B  C  D  (in  the  annexed  Scheme)  "■' 
and  in  different  Times,  •uiz.  Mercury  9,  which  is 
neareft  the  Sun,  moves  round  his  Orb  in  ^J  Days 
and  23  Hours,  or  three  Months  nearly.  Then 
Venus  S ,  which  is  next  to  Mercury.,  performs  her 
"Period  in  224  Days  and  17  Hours, _  or  about 
eight  Months.  The  Planet  which  is  third  in  Order 
from  the  Sun  is  our  Earth  Q,  which  performs  it's 
Circuit  in  365  Days,  5  Hours,  and  49  Minutes,  or 
a  Year.  Next  to  the  Earth  is  Mars  S ,  who  moves 
round  his  Orb  in  ^'iG  Days  and  23  Hours,  or  a  little 
lejs  than  two  Years.  Then  Jupiter  %,  whofe  Orb  is 
vaftly  extended  beyond  that  of  Mars-,  performs  his 
Circuit  in  4332  Days  12  Hours,  which  is  about 
1%  Years.  And  laftly  Saturn  ^,  who  is  furthelt 
-diftant  fromjhe  Sun,  compleats  his  Revolution  in 
10759  Days  and  7  Hours,  which  is  fomcthing  lefs 
than  30  Years.  Their  Diftances  from  the  Sun  ex- 
preffed  in  the  Scheme,  are  nearly  proportional  to 
their  true  Diftancc  in  the  Heavens. 

27.  Three  of  the  Planets,  viz.  Mars,  Jupiter^ 
and  Saiurn,  whofe  Orbs  -  are  beyond  that  of  the 
Earth,  are  called  fuperior  Planets ;  and  the  two 
Planers  Veim.s  and  Mercwy,  whofe  Orbs  are  between 
the  Earth's  Orb  and  the  Sun,  are  called  the  inferior 
Planets. 

28.  The  three  Planets,  Jupiter,  Saturn,  and  th« 
Earth,  are  obferved  to  have  other  fmallcr  ones 
conftantly  attending  them,  called  Secsndary  Planets^ 
or  SalellHes.  Thefe  Satellites  always  attend  their 
refpcftive  Primaries  in  their  Revolutions  about  the 
Sun,  and  at  the  fame  Time  they  are  conftantly 
moving  about  chem.    The  Earth  has  one,  -viz.  the 

Moon^ 
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Moon^  which  attends  it  in  it's  annual  Revolutioq 
about  the  Sun,  and  at  the  fame  Time  moves  roumj 
it  as  a  Center,  in  about  27  Days,  and  7  Hours. 
Jupiter  has  four  Satellites  attending  him,  which  are 
at  diiferent  Diftances  from  him,  and  move  round 
him  in .  different  Time's,  viz,  ♦  that  which  is  inner- 
mod,  or  neareft  his  Body,  revolves  in  i  Day 
1 8  Hours ;  the  next  defcribes  it's  Orbit  in  3  Days 
and  13  Hours  J  the  third  moves  round  in  7  Days  ' 
and  3  Hours;  and  that  which  is  furtheft  from  Ju- 
pter*s  Body,  performs  it's  Circuit  in  16  Days  .and 
18  Hours.  Saturn  has  five  Satellites  moving  round 
him  as  a  Center,  which  arc  at  different  Diflancesi 
from  his  Body,  and  perform  their  Revolutions  in 
different  Times,  viz.  the  firft  or  neareft  to  him> 
performs  it's  Circuit  in  1  Day>  21  Hours;  the  fe- 
cond,  in  2  Days,  1 7  Hours  5  the  third,  in  4  Days, 
13  Hours ;  the  fourth,  in  15  Days,  22  Hours  ;  and 
the  ,  fifth,  or  the  moft  remote  from  the  Body  of 
Saturn^  compleats  it's  Revolution  in  79  Days  and 
8  Hours. 

29.  The  fixed  Stars  are  fuppofed  to  be  of  the  fame 
Matter  with  the  Sun,  and  made  for  the  fame  Ends, 
viz.    each  of  them  the  Center  of  it's  own  proper  . 
Syftem,  having  Planets  moving  round  it  as  our  Sun 
has.  , 

30.  Having  given  a  curfory  View  of  the  Syftem 
of  the  Uriiverfe,  we  ftiall  nt>w  confider  the  Motioa 
of  the  Earth,  a  little  more  particularly.  Let  S  . 
reprefent  the  Sun  in  the  Center,  ABCt)  the  prbit 
of  the  Earth,  and  t  22  ^  V  the  Heaven  of  the 
fixed  Stars  v  then  if  the  Obfcrver  be  fuppofed  to  bq 
rlaced  in  the  Sun  at  S,  *tis  plain  when  the  Earth 

is  in  the  Point  A  of  it's  .Orbit,  it  will  appear  to  bu 
at  the  fixed  Star  *r,  and  while  in  .moving  from  Weft 
to  Eaft,  It  goes  from  the  Point  A  of  it's  Orbit  ta 
B,  it  will  appear  to  the  Qbftirvcr  at  ,S  to  pafs  by 


tt  The  Principles  of 

the  fixed  Stars  v   «   n  ss ;  aftd  in  moving  frdm  B 
to  C,  it  will  appear  to  pals  by   the  fixqd  Stars 


f5  Jl,  iTR  ife  ^  and  from  C  to  D,  the  fixed  Stars  «» 
i»l  /  W ;  and  from  D  to  A  the  fixed  Stars  vf  ^ 
X  V.  Again,  lei  the'Obferver  be  removed  from 
the  Sun  to  the  Earth,  tRen  'tis  plain  when  the  Earth 
is  in  the  Point  A  of  it's  Orbit,  the  Sun  S  will  appear 
to  be  in  the  cppofite  Point  of  the  Heavens,  viz.  at 
the  fixed  Star  ^  •,  and  while  the  Earth  is  moving 
in  it's  Orbit  from  A  to  B,  the  Sun  will  appear  to 
pafe  by  the  fixed  Stars  tcs  ni  4^  ;:f  •  alfo  while  the 
fearth  moves  from  B  to  A,  the  Sun  will  appear  to 
have  moved  from  V  by  the  fixed  Stars  ^  x,  6fr. 
|0  iOi  >  ^oafequently  the  Sun  to  an  Inb^itant  of  the 

Earthi 
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Earth  will  appear  to  pafs  over  the  fame  fixcd'Stars, 
and  towards  the  fame  Part  of  the  Heavens,  >'.  e.  from 
Weft  to  Eaft,  as  the  Earth  appeared  to  an  Obfcrvcr 
in  the  Sun. 

31.  Hence  arifes  the  apparent  Motion  of  the  Sun 
from  Weft  to  Eaft.  So  that  if  any  fixed  Star  be 
obfcrved  to  rife  with  the  Sun  5  fome  Days  after,  the 
Sun  will  have  moved  more  eafterly^  and  the  Star 
will  rife  befofe  the  Sun,  and  alfo  fet  before  it :  Alfo 
if  a  Star,  in  or  near  the  Path  which  the  Sun  appears 
to  defcribe  in  his  annual  Motion,  and  at  fome  Diftancc 
from  the  Sun,  be  obferved  above  the  Horizon  after 
Sun-fet,  it  will  fome  Time  after  that  appear  to  fet 
with  the  Sun,  and  for  a  while,  will  not  be  vifible-  at 

,  Night. 

32.  The  fame  Way  the  Sun  will  appear  to  an  Ob- 
fcrver  in  any  of  the  other  Planets  to  move  from  Weft 
to  Eaft,  and  to  defcribe  the  fame  Orbit  in  the  Heavens 
that  the  Planfet  would  appear  to  do  to  an  Obferver  \ti 
the  Sun. 

33.  The  Circle  in  the  Heavens  that  the  Earth  to 
an  Obferver  in  the  Sun,  or  the  Sun  to  an  Obferver  in 
the  Earth,  appears  to  defcribe  is  called  the  Ecliptick^ 
and  it  is  divided  into  twelve  equal  Parts  called  SignSy 
each  containing  30  Degrees,  viz.  the  ^  of  360. 
The  Names  and  Charadters  by  which  thefe  Signs  ar© 
ufually  expreflcd,  are  as  follow^     i 

<v»  «  n  25  a         ^         A 

ArieSy   TauruSj    Gemini^   Cancer,   Leo,   Virgo,  Libra^ 

SiiorfiOy    Sagittarius,    Cafricornus,    Aquarius,    Pifces. 

34.  Since  the  Earth  is  a  fpherical  Body  expofed 
to  the  Rays  of  the  Sun,  'tis  plain  Half  of  it's  Body 
muft^  be  enlightened, .  while  the  other  Half  is  in 
Darkneii  •,  and  if  there  be  a  Line  drawn  from  the 

G  2  Center 
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Center  of  the  Sun  to  that  of  the  Earth,  and  a  Plane 
perpendicular  to  that  Line  pafling  thro'  the  Center 
ci  the  Earth",  then  this  Plane  will  cut  the  Eanh  in 
a  great  Circle,  which  -will  fcparate  the  enlightened 
from  tlie  darkened  Hemifphere  ;  and  this  Circle  is 
called  the  Terminator  of  Light  and  Darkncfs  upon  the 
Earth. 

35.  If  the  Plane  of  the  Earth's  Equator  coincided 
viith  the  Plane  of  the  Ecliptitk,  and  conlequently  the 
Earth's  Axis  perpendicular  to  the  Ecliptick,  then 
the  Tenflinator  of  Light  and  Darkncfs  would  be  a 
Meridian;  for  let  the  Circti!  P  E;>Q__reprefent  the 
Earth,  P  andjo  it's  two  Poles,  EQ^the  Equator,  C 
the  Ccnterof  the  Earth,  and  S  ihe  Sun  through  which 
EQ^if  produced  would  pafs  -,  t!ien,  by  the  laft  Arti- 
cle, the  Terniinattii  muft  be  perpendicular  to  S  E, 
and,  confequently,  in  this  Cafe,  to  the  Plane  of  the 
Equator  "Y.  Qj  but  fince  all  great  Circles  perpen- 
dicular to  the  Equator  muft  pafs  thro'  the  Polcs» 
and  fo  become  Meridians  -,  it  follov/s  that  in  this  Cafe 
the  TcrminaEor  muft  be  alfo  aMcndian,as  P^. '  And 
iince  all  Meridians  bifeQ:  the  Eqvvator  (by  An.  4. 
Cor,  2.  of  tliis)  tiiey  muil  alfo  bifed  It's  Parallels,, 


m 


*onfequencIy  the  Termiiistor  which  is  lier?  a  Meri- 
dian,  muft  bifsit  the  Equator  and  ii's  Parallels -, 
thcrcfurc 
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therefore  the  Half  of  c,ach  Parallel  muft  be  always 
'  enlightened,  and  the  other  Half  obfciired  ;  and  fined 
by  the  Motion  of  the  Earth  about  it's  Axis,  every 
Point  upon  it's  Surface,  except  the  Poles,  defcribea. 
a  Circle  parallel  to  the  Equator ;  it  is  evident,  that 
if  the  Planes  of  the  Equator  and  EcHptick  coincided, 
every  Point  upop  the  Earth's  Surface,  the  Poles  ex- 
cepted, would  have  the  Sun  as  long  above  it's  Hori- 
zon as  below  it,  and  fo  there  would  be  a  conftant 
Equality  of  Day  and  Night,  viz.  12  Hours  each.  At 
the  Poles  the  Sun  would  appear  conftantly  moving 
round  the  Horizon. 

■ 

36,  The'  Axis  of  the  Earth  is  obferved  to  be  in- 
clined to  the  Plane  of  the  Ecliptick  in  an  Angle  of 
about  66  1  Degrees,  and  confequently  the  Plane  of 
the  Equator  inclined  to  the  Eclij^tick,  in  an  Angle  of ' 
234.  Degrees^  vi%.  the  Complement  of  the  former. 
Alfo  the  Axis  of  the  Earth  in  it's  annual  Motion 
about  the  Sun,  move  always  parallel  to  itfelf ;  fo  if  a 
Line  were  drawn  thro'  the  Center  of  the  Sun,  paral- 
lel to  the  EartK's  A^cis,  while  in  any  Point  of  it^J 


Orbit,  that  Line  would .contil^ue  pa,raHcI  to  the  Axis, 
whatever  Point  of  the  Qrbit,  tjite  Earth  is  Li  (at  leaft 

Q  3  irv 


in  a  Year's  Time  the  DiiTerentc  is  infcnfihle.)  And 
this  muft  necefiarily  happen,  if  the  Karth  haj  nq 
other  Motion  but  a  prugrcfTive  one  in  it's  Orbit, 
and  a  Rotation  about  it's  Axis.  For  luppofcr  any 
fpherical  Body  as  PE/iQ,  whofe  Cti.ccr  moves 
along  the  Line  A  B,  and  while  in  A,  icc  any 
Diameter  of  it  as  F/i,  be  affumed,  inclined  any 
Way  to  che  Line  A  B  •,  then  'tis  plain  if  tlie  Body 
had  no  other  but  the  prngreffive  Motion,  when 
it  has  come  to  B,  the  Diameter  Pp.  will  ftill 
be  parallel  to  it's  former  Situ2.tion  whik  in  the 
Point  A ;  and  if  the  fame  Body  be  fuppoiVa 
alfo  to  move  round  it's  Axis  P_p,  'tis  plain  all 
Parts  of  it  vvould  confequently  be  char.ging  theij 
Situations,  except  the  Axis,  which  is  no  way  af- 
feded  by  the  Rotation,  and  confeqiicnily  the 
Axis  muft  always  keep  parallel  to  the  fame  right 
Line- 

37.  Since  the  Plane  of  the  Equat;or  is  inclined 
to  the  Plane  of  the  Ecliptick,  therefore  they  mud 
intcrfeft  one  another  in  a  rigi>t  Line  pafl'ing  through 
the  Center  of  the  Earth,  and  the  PUne  of  (he  Eclip- 
tick muft  cut  the  Earth  in  a  great  Circle,  whii.h  will 
be  inclined  10  the  Equator  at  an  Angle  ot  2,5  4.  lie-   , 
grces,  and  this  will  mark  out  upon  the  Earth's  Sur-J 
tace,  [he  Path  of  the  Sun  in  his  annual  Motion  j  the  ' 
Jjifie  in  which  the  Equator  inter1c6ts  the  Ecliptick, 
muft  always  be  parallrl  to  the  fame  Line,  whatever 
Point  of  the  Orb  the  Earth  be  in  ;  as  is  evident  from 
the  laft  Article. 

38.  If  thro'  the  Center  of  the  Sun,  there  be 
drawn  a  Line  perpendicular  to  the  Plane  of  the 
Ecliptick  1  then  this  Line  is  called  the  Axis  of  the 
Ecliptick,  and  the  two  oppofite  Points  in  which  the 
Axis  meets  the  Heavens,  are  called  the  Poles  of  [,i{e 

,£.chptick. 

39-  Th;^t 
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39.  That  great  Circle  in  tlie  Heavens  which  paflcs 
_  !hfo'  the  Poles  of  the  World,  and  the  Poinis  where 

"the  Eclipiick  and  Equator  interieft,  is  called  the 
E^uinoBial  Colure.  And  chat  great  Circle  which  is  ac 
right  Angles  with  the  former,  palling  thro'  the  Poles 
Ot  the  Equinoitial  and  Eclipiick,  is  called  the  Sol- 
fiilial  Colure,  The  fourth  Points  in  which  thefe  Co- 
lures  cut  theEcliptick,  are  called  ihe  Cardinal  Paints. 
Thefe  cwo  in  which  the  equlno€tiai  Colure  meets  the 
Ecitptick,  are  called  Eqmno^ial  PoinlSi  becaufe  (as 
ftiall  be  (hewn)  when  the  Sun  is  in  cither  of  them 
there  is  an  Equality  of  Day  and  Niglic  to  the  Inna- 
bitants  oi  the  Eaith  -,  and  tlie  two  Points  in  \yiuch 
the  folftitial  Colure  cuts  die  Ecliptick,  are  called  the 
^oljiiliai  Points;  becaiile  when  the  Sun  comes  to 
either  of  thefe  Points,  he  is  then  at  his  grcateit 
Diftance  from  the  Equator,  and  is  beginning  to  re- 
turn to  It  again. 

40.  To  explain  the  Phasnomena  or  Appearances 
that  arifes  from  ihe  Earth's  annual  Motion  about  ths 
Sun  J  fuppofe  i:P  ■v  as  ^  the  Earth's  Orbit,  and  S 
the  Sun;  thro'  S  draw  the  right  Line  ^  S  r, 
parallel  to  the  common-Line  of  Inceriection,  of  the 
Ecliptick  and  Equator,  and  meeting  the  Ecliptick 
in  the  two  Points  f  and  ^  ;  alfo  ihro'  S  dra^v  the 
Line  y  S  sa  perpendicular  to  the  former;  then, 
'tis  plain  when  the  Earth  is  in  the  Point  =ii  of  it's 
Orb,  the  Line  S  •&,  joining  the  Centers  of  the  Sun 
and  Earth,  will  coincide  with  the  common  Inier- 
fe(5tion  of  the  Ecliptick  and  Equator,  and  confe- 
quently  be  in  the  Plane  of  the  Equator,  therefore 
perpendicular  to  the  Earth's  Axisi  this  Line  (by 
Art.  54-)  is  alfoperpendicuUr  to  the  Terminator  of 
l^ight  and  Darknef%  whence  it  is  evident  the  Axis 
of  the  Earth  wijl  lie  in  the  Plane  of  the  Terminator, 
which  therefore  mull:  pafs  thro'  the  Poles,  and  fo,  be- 
come ^  pjtridian  ;  alfo  the  Sun  will  appear  in  ttie 
oppod^e  Point  of  the  Orb  at  t,  viz,  m  the  Lini; 

G  4  <>S 


fhe  Pri/telples  cf 

«&  S  producec!,  tliac  is,  in  the  Plane  of  the  Equator; 

and  conlequently  by  his  spparent  daily  Mocion,  he  . 

will  defcnbe  the  celclVial  Equator.     And  fince  in 

^this  Situation  of  the  Earth,  the  Terminator  of  Lighc 
and  Darkiicfs  is  a  Meridian,  it  will  bijctt  the  Equa- 
tor and  it's  Parallels  -,  confequcntly  Half  of  each 
Parallel  will  be  in  the  enlightened  Hemifpliere,  arc! 
the  other  Half  in  the  darkened  i  and  ev^ry  Point 
upon  the  Surface  of  the  Earth,  defcribing  by  It's  ^, 
daily  Motion,  either  the  Equator  or  of  i''s  Paral- ■ 
leh;  it  plainly  follows,  that  ".vhcn  the  EarEh  is  in 
the  PoTftt  =!^  of  it's  Orb,  each  Place  upon  it's  Sur- 
face, will  remain  as  long  in  the  cniightcned  Hemi' 
fphere  as  in  the  darkened,  i,  e.  there  a-III  be  an  Equa- 
lity of  Night  and  Day  (viz.  12  Hours  each)  overall 
the  Earth,  except  ar  the  Paks,  whore  ilie  Sun  will 
appear  to  defcribe  the  Equator,  which  is  the  Horizon 
to  either  Pole. 

The  Earth,  by  it's  annual  Motion  being  carried- 
along  the  Signs  "i  t,  the  Line  of  InEerftdion  or, 
the  Ecliptic  and  Equator  remaining  always  parallel 
to  itfelf,  ic  cannot  now  be  directed  towards  the  Sun  •, 
but  when  the  Earth  is  in  the  firft  Point  of  V,  it 
mufl^  make  with  the  Line  S  i;f,  joining  the  Centers 
of  the  Earth  and  Sun,  a  right  jungle.  And  fince 
the  Line  S  kf  is  not  in  tlie  Plan.-  of  I  he  Equa- 
tor, but  of  the  Eclipiick,  the  acute  Angle  B  icf  S, 
that  the  Axis  of  the  Eanh  Ab  makes  witl.  S  y, 
will  be -equal  to  66,  4- Degrees,  ^'.■^.  tli'»  Inclination 
of  the  Axis  of  the  Eirth  to  ilie  'Zrliptick.  Thro* 
the  Center  of  the  Eanh  >f,  draw  the  Circle  F  L, 
perpendicular  to  S  t^f,  and  this  v.  ill  be  the  Termi- 
nator of  Light  and  Darknefs,  (by  Jrl.  94,)  and  the 
Arch  BL  will  be  23  -j  Degrees,  viz.  the  Comple- 
incnt  of  T  B.  From  the  Center  itf,  defcribe  the  Cir- 
cle Q;E  perpendicular  to  the  Axis  A  B,  and  this  will 
be  the  Equator;  then  fince  the  Areh  EB  is  equal  j 
10  the  Arch  T  L,  (being  each  a  Qiiadrant)  by  tak-4 
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jhg   aifay  the   common    Arch  T  B,  wc  have  E  T 


N  a 


equal  to  B  L,  i.  t.  23  -1  Degrees.    Make  the  Arch 
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E  M  equal  to  E  T,  and  thro'  the  Points  T  and  M 
draw  the  Circles  T  C,  M  N  parallel  to  the  Equator  -, 
then  'tis  plain  that  when  the  Earth  is  in  the  Point 
Vf  of  it's  Orbit,  the  Sun  will  be  perpendicular  to 
the  Point  T,  diftaiic  from  the  Equator  E  Qj  to- 
wards the  North  Pole  B,  23  -J-  degrees,  which  is 
his  greateft  Declination  North.  The  Parallel  T  G 
is  called  the  Tropick  of  Cancer,  and  the  Circle  in  the 
Heaven  concenlrick  with  this,  which  the  Sun  ap- 
pears to  dcfcribe  at  thai  Time,  is  called  the  CcUjiiai 
^ropkk  oi Cancer;  becauie  the  Sun  at  that  Time  ap- 
pears to  be  in  the  Sign  ss.  And  becaule  of  the 
tarth's  Rotation  about  it's  Axis,  'tis  plain  that  all 
the  Points  firualie  upon  the  Parallel  T  C,  will  have 
the  Sun,  when  upon  their  Meridian,  in  their  Ze- 
nith.' Alfo  when  the  Earth  is  in  this  Pofition, 'tis 
plain  that  the  Terminator  of  Light  and  Darknefs 
f  L,  will  go  beyond  the  North  Pole  B  lo  L,  23  4 
Degrees  diitant  from  B;  and  confequcndy  the  South 
Pole  A  mufl;  be  as  far  from  the  Terminator  LF  in 
the  darkened  Heniifphcre.  Thro'  the  Points  L  and 
F,  draw  the  Circles  L  K,  F  G,  parallel  to  the  Equa- 
tor, and  ihefe  are  called  Polar  Circles,  that  towards 
the  North  being  the  ArSlick  Circle,  and  that  towards 
the  South  \\\^  JjitarnkkCirck.  Now  fince  the  Earth 
moves  round  upon  it's  Axis  A  B,  'tis  evident  that 
every  Point  within  the  arftick  polar  Circle  K  L,  will, 
at  that  Time,  have  a  continued  Day ;  and,  on  tlie 
contrary,  every  Point  within  the  antarftick  jiolar  Cir- 
cle FG,  will  have  a  continued  Night. 

Again,  the  Earth  moving  forwards  thro'  the  Signs 
sr  K  to  "v,  the  Sun  will  appear  to  move  thro'  the 
Signs  sp,  si,  IE,  and  by  Degrees  to  return  again  lo 
the  Equator ;  and  when  the  Earth  is  arrived  at  the 
Point  y  of  it's  Orbit,  the  Sun  will  appear  to  be  at  -a, 
Now  the  common  Interfeilion  of  the  Ectiptick  and 
Equator  ftjli  remaining  parallel  to  the  Line  «==  S  ir,  it 
follows 


the 
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illows  that  when  the  Earth  is  come  to  r,  the  Line 

T,  joining  tbe  Centers  of  the  Earth  and  Sun,  will 
lie  in  the  t^ane  of  the  Equarur-,  and  confcqiiently 
the  Sun  will  appear  in  ihf,*  celeftial  Equator,  and  there 
will  be  an  Equality  of  Night  and  Day,  the  fame  Man- 
ler  as  when  the  Earth  was  in  ^.     In  this  Situation, 

,e  Terminator  of  Light  and  Darknefs  will  again 

ifs  thro'  the  two  Poles. 

The  Earth  moving  forwards  through  the  Signs 
the  Sun  will  appear  to  move  thro'  the  op- 
_>fite  Signs  ii  TtL  J,  gradually  declining  from  the 
Equator,  towards  the  South  Pole,  and  when  the 
f^arch  comes  lo  es,  the  Sun  appears  to  be  in  icf. 
Now  fini.e  the  Axis  of  rhe  Earth  A  B  does  not  change 
it's  Inclination  to  the  Ecllptick,  the  Earth  will  have 
the  like  Alpecl  and  Pofition.  with  refpeift  to  the  Sun, 
as  it  had  when  in  the  Point  W  of  it's  Orbit-,  but  with 
this  Difierence,  that  he  is  now  as  far  on  the  South 
Side  of  the  Equator,  as  (when  the  Earth  was  in  W) 
he  was  on  the  North  Side,  ;'.  f.  2  3  4  Degrees,  and 
is  perpendicular  to  the  Point  N;  the  Parallel  NM  is 
called  the  Tropkk  of  Capricorn,  and  the  Circle  in  the 
Heavens  concentrick  ^o  this  which  he  appears  to  de- 
I'cribe  at  this  Time,  is  called  the  CeUJiJa!  Trspick  o^ 
Capricorn;  becaufe  at  this  Time  the  Sun  apjicars  to 
be  in  the  Sign  W ;  alfo,  all  within  the  North  polar 
Circle  K  L,  which  was  enlightened  when  the  Earth 
was  at  Vf,  is  now  in  parknefs,  and  all  within  the 
South'  polar  Circle,  is  now  enlightened. 

41.  We  Ihall  now  conMer  more  particularly  the 
Appearances  which  happen  in  the  different  Places 
Upon  the  Eartli,  arifmg  from  it's  annual  Motion 
about  the  Sun,  in  Conjunction  with  the  Rotation 
about  it's  Axis.  In  order  to  which  we  mud  confi- 
der,  that  the  Inhabitants  of  the  Earth,  with  refpeift 
to  their  Situation  upon  it,  are  divided  into  three 
Kinds,  viz.  Firjly  Such  as  live  upon  the  Equator. 
Secondl^'j  Such  as  h\'e  bctweep  tt;e  Poles  and  Equjior. 
Tbirafy., 
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^birdly^  Such  as  live  upon  either  Pole.  As  for  thofe 
that  live  upon  the  Equator;  let  Ej)QJP  be  the 
Projedtion  of  the  Earth  upon  the  Plane  of  Ibme  Me*- 
ridian,  P  the  North,  and  p  the  South  Pole,  E  Q^the 
Equator,  and  E  fome  Place  upon  it;  alfo  D  A  the 
Ecliptick,  C  D  the  Tropick  of  Capricorn^ 'zx\A  A3 
the  Tropick  of'  Cancer.  Then  'tis  plain  that  afj. 
Inhabitant  upon  fome  Point  of  the  Equator,  fuppofc 
•E,  will  have  the  PoFes  P  and  p  in  his  Horizon,  which 
therefore  muft  be  a  Meridian.  Now  as  all  Me- 
ridians -bifeft  the  Equator  and  it's  Parallels  at  right 
Angles,  and  all  the  Heavenly  Bodies  defcribing 
Parallels  in  their  apparent  diurnal  Motion  ;  it  fol- 


/ 


lows  that  in  one  entire  Revolution  of  the  Earth  about 
^fi  Axis,  all  the  Heavenly  Bodies  muft  come  in^ 
Vie^,  and  they  nj^uft  rife  and  fet  perpendicular  to  the 
Horizon,  and  remain  juft  as  long  above  it,  as  below, 
i.  e.  twelve  Hours  each.  Now  the.  Sun  always  de- 
fcribing fome  Parallel,  or  the  Equator  itfclf,  in  bis 
diurnal  Motion ;  it  will  follow,  that  to  an  Inhabitant 

upon 
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tlpon  the  Equator  there  muft  be  a  conftant  Equality 
of  Night  and  Day,  viz.  twelve  Hours  each;    and 
when  the  Sun  in  his  annual  Motion  comes  to  be 
perpendicular  to  the  Point  F,  he  will  then  dcfcribe 
the  Equator   in  his   diurnal    Motion ;    and  confe-* 
quently  when  he  comes  upon  the  Meridian  of  any 
Place,  E,,  on  the  Equator,   he  will  be  in  the  Ze- 
nith of  it ;  and  moving  on  in  the  Ecliptick  till  he 
be  perpendicular  to  the  Point  A,  (when  he  is  at 
his  grqateft  Declination  from  the  Equator  towards 
the  North  Pole  P,  viz,  23  4..  Degrees)  he  will  then 
defcribe   the  Tropick  of  Cancer  A  B,  and  when  he 
comes  on  the  Meridian  of  E,  he  will  be  removed 
from  the  Zenith  towards  the  North  23  4:  Degrees; 
and  moving  ftill  on  in  the  Ecliptick,  he  will  appear 
to  return  towards  the  South,  and  pafling  the  Zenith 
of  E,  he  will  go  as  far   South,    us  he  was  before 
North,  viz.  23  4  Degrees.     Confequently  an  Inha- 
bitant on  the  Equator  will  have  the  Sun  in  his  Ze- 
nith twice  in  one  Year,  and  alfo  the  Sun  will  be  hal€ 
the  Year  on  the  North  Side,  and  half  the  Year  on 
the  South  Side  of  him  •,  and  therefore  will  be  con- 
"ftantly  changing  his  Place  in  the  Horizon,  for  when 
Jie  is  defcribing  the  Parallel  A  B,  he  will  appear  in 
the  Horizon  at  G,  and  whe;i  he  is  defcribing  the 
Equator  E  Q^  he  will  be  in  the  Horizon  at  F  (the 
Eaft  or  Weft  Points ;)  alfo  when  he  is  defcribing  the 
Parallel  C  D  he  will  appear  in  the  Horizon  at  H 
South  of  the  Point  F. 

Again,  Let  P  E  />  Q^  reprefent  tho  Projeftion 
of  the  Earth  on  the  Plane ,  of  fome  Meridian,  P 
and />  the  North  and  South  Poles,  EQ^the  Equa- 
tor, and  A  fome  Place  upon  that  Meridian,  lying, 
between  the  Equator  and  North  Pole,  whofe  Ho^ 
rizon  is  HO;  alfo  B  D  the  Ecliptick,  B  N  the 
Tropick  of  Ctf»^r^  and  FiD  the  Tropick  of  Capri- 
com  i  thre*  the  Points  H  aod  O,  draw  the  Parallels 
O  G^  H  |C.    Th^ti  '(is  plaiiR,  ^t  to  an  Icvt^abitant 
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icipks  of 
ac  A,  the  Norrh  Pole  P  will  be  elevated,  atid  the 
South  Pole  f  cieprelTed,  the  tii)rmfr  as  niuch  abore  as 
ihe  latter  below  ihc  Horizan,  which  will  cut  the 
F.quator  and  it's  Parallels  obliqutly.     Now  fiiice  the 
Horizon  and  Equator  arc  great  Circles,  tht-y  mult 
bifcit  one  another  (by    An.  4.  Cor.   2.)    therefore 
Half  the  Equator  will  be  above,  and  Half  below 
the  Horizon  -,    confequently  when  the  Sun   is  per- 
pendicular to  the  Poirac  C,    that  is,  when   he  ap- 
pears to  be  in  the  F.qiiator,  there  will  be  an  Equa- 
irty  of  Night  and  Day.     And    fince  the  Horizon 
cuts  the  Parallels  obliquely,    ir  mull  therefore  cur'J 
them  unequally;   and   'tis  plain  from  the  SchemeJ 
that  of  all  thole  Parallels  which  lie  between  tlicEquaAl 
tor  and  nearcft  Pole,  the  greater  Part  is  above,  ard'i 
ihe  lefs  below    the    Horizon ;    and    thole    that  lie  i 
on  the  other  Side  of  the  Equator,  have  the  kfler'j 
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Part  above,  and  the  greater  below  the  liori^on ; 
and  the  nearer  the  Parallels  are  to  the  Poles,  the. 
more    unequally    arc    they  cut    bjr    the    Horizon  j 

coufc- 
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confequently  while  the  Sun  is  upon  the  North  Side 
of  the  Equator,  and  by  his  diurnal  iVIotion  defcrib- 
ing  Parallels,  lying  between  the  Equator  and  North 
Pole,  he  will  be  longer  above  than  below  the  Ho- 
rizon of  the  Place  A  ■,  and  -when  he  comes  to  his 
greaceft  Declination  North,  and  then  delcribes  the 
Tropick  pf  Cancer,  the  Days  mull  then  be  at  the 
longcft  to  the  Place  A ;  alfo  thfe  Sun  returning  to- 
wards the  Equator,  he  will  defcribe  Parallels,  whofc 
Parts  above  the  Horizon,  approach  llill  nearer  lb  an 
Equality  with  thofe  below,  and  fo  the  Days  will  ftiH 
decreafe  and  come  nearer  to  an  Equality  with  the 
Nights,  'till  he  comes  to  the  Equator,  when  the 
Day  and  Night  are  equal ;  and  proceeding  from  the 
Equator  towards  the  South  Pole,  he  will  then  de- 
fcribe Parallels  lying  between  the  Equator  and  South 
Pole,  whofe  leart  Part  is  above,  and  greateft  Part 
below,  the  Horizon  -,  and  confcqiicnily  the  Days  wJli 
ftill  be  lefs  than  the  Nights  'rill  he  comes  to  the 
Tropick  of  Capruorn,  when  the  Day  is  leaft  and  the 
Night  greateft;  and  then  returning  to  the  Equator, 
the  Days  will  increafc  and  the  Nights  decreafe. 
When  the  Sun  is  upon  tlie  Equator,  'tis  evident,  by 
the  Scheme,  that  his  Place  upon  the  Plorizon  will 
be  C,  that  is,  he  will  rife  on  the  Eaft  Point  and  fee 
on  the  Weft  Point  of  the  Horizon  j  and  when  he  is 
in  the  Tropick  of  Camer.  B  N,  his  Place  upon  the 
Horizon  will  be  M,  which  is  North  of  the  Point 
C ;  alfo  when  he  is  in  the  Tropick  of  Capricorn 
ED,  his  Place  upon  the  Horizon  will  be  L,  which 
is  South  of  the  Point  C ;  from  which  'tis  plain,  that 
the  Sun  will  be  always  changing  his  Place  upon  tha 
Horizon.  Again,  fince  tht  Horizon  of  A  cuts 
the  Equator  and  it's  Parallels  obliquely,  and  the 
Heavenly  Bodies  by  their  apparent  diurnal  Mo- 
tion, defcribe  Parallels,  'tis  plain  they  mult  rife  and 
fe^  obliquely  i  but  all  thole  within  the  Parallel 
G  O  do  not  rife  and  fee,  and  therefore  muit  con- 
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ftaniJy  be  in  View;  for  which  Kearon  tliis  Parailei 
G  O  is  called  The  Cirdrof  Perpetual  ^-Ipparitiin  i  and 
all  within  the  Parallel  H  K.  do  pever  come  in  View, 
but  arc  conftantly  below  die  Horizon,  and  dicrcfore 
the  Paralkl  ii  K,  js  called  'The  Cinle  of  Per^eimtl 
Oceulialioii. 

L^Jily,  Let  P  E  _p  Q^  reprefent  the  ProjeiSuon 
of  the  Earth  upon  iomt*  Meridian^  P  the  North 
and  ;  the  South  Pole,  EQ^the  Equator,  AB  die, 
Ecliiaick,  B  C  the  Tropick  of  Ccnar,  and  A  D 
the  Tropick  of  Cetpricortj -,  then  'tis  plain  that  the 
Equator  is  the  Horizon  of  both  Poles,  and  confe- 
qucntly  the  Northern  Hemilphcre  mull  always  be  in 
View,  and  the  Southern  always  hid  to  an  IniiabJtant 
iitPi  likewjfc  the  Heavenly  Bodk-s  will  appear^  , 
(DQVC.-io  .Cycles  parallel  to  die  Horizon,  and  tljn'd 
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fixed  Stars  will  ever,  defcribe  the  iurc  Parall«3fc» 
and  always  tiave  the  lame  Hei^  sbore  the  Ho- 
rizon.   When    tbe.  Sun    by    his    annual   Motioa 
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cbrries  to  be  perpendicular  to  the  Point  F,  and  then 
'  defcribes  the  Equator,  it  is  plain  he  will  be  in  the 
Horizon  of  both  Poles,  and  by  his  diurnal  Motion 
will  appear  to  nriove  quite  round  it  5  and  firice 
Half  the  Ecliptic  FB  is  above,  and  the  other  Half 
>  F  A  below  the  Horizon  of  ]^,  therefore,  during  the 
Time  the  Sun  is  defcribing  that  Half  of  the  E- 
cliptic  on  the  North  Side  of  the  Eq^iator,  he  will 
be  above  the  Horizon  of  P,  and  all  the  Time  he  is 
in  defcribing  the -other  Half  on  the  South  Side  of 
the  Equator,  he  will  be  below  the  Horizon  of  P ; 
from  whence  it  follows,  that  an  Inhabitant  at  either 
Pole  will  have  Half  a  Year  continued  Day,  and  as 
long  Night.  And  fince  the  Sun's  greiteft  Dif- 
tance  from  the  Equator  South  or  North  is  23^ 
BegrceSj  his  greateft  Altitude  above,  or  Deprefliori 
.  below  the  Horizon  of  either  Pole,  mull  be  23^ 
Decrees. 

42.  Thofe  who  live  upon  the  Equator  are  faid 
to  have  a  Right  Sphere^  becaufe  to  them  the  Hea- 
Venly  Bodies  appear  to  rife  and  fet  perpendicularly 
to  the  Horizon ;  and  thofe  who  live  between  the 
Equator  and  either  Pole  are  faid  to  have  an  Obliq^ue 
SpherCi  becaufe  the  heavenly  Bodies  appear  to  rife 
and  fee  obliquely  \  and  lajlly^  thofe  who  live  on  ei- 
ther Pole  are' faid  to  have  a  Parallel  Sphere^  bcczuCc 
the  heavenly  Bodies  appear  to  move  parallel  to  the 

.    Horizon, 

43.  The  Moon  being  an  opaque  fpherical  Body, 
receives  it*s  Light  from  the  Sun,  and  refledts  that 
Light  upon  the  E;arth;  Half  the  Moon's  Body  is 
oppofite  to  theSun^  and  therefore  enlightened,  while 
the  other  Half  which  is  turned  from  it,  is  involved  in 
Darknefs ;  but  the  Half  which  is  vifible  to  us,  is  that 
which  is  oppofite  to  the  Earth,  and  will,  according 
to  the  various  Situations  of  the  Moon  with  refpeft 
iio  tfie  Earth  and  the  Sun,   have  different  Illumina- 
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tions  •,  for  fonnetimes  a  greater  and  fometinies  tf 
lefs  Part  of  the  enlightened  Hcmifptierc  is  obverted 
to  the  Earth  i  and  fometimes  the  Whok,  and  fome- 
timcs  no  Part  of  the  enlightened  Hemifpherc,  is 
fern  from  the  Earrli.  To  explain  this,  let  S  re- 
prefent  the  Sun,  T  tlie  Enrth,  RTX  a  Part  of 
tlie  Earth's  Orbit,  which  it  defcribcs  in  it's  an- 
nual Motion  about  the  Sun,  ABCDEPGH 
the  Orbit  of  the  Moon,  in  which  it  moves  rbund 
the  Eartli  from  Weil  to  Eatl,.  in  the  Space  of 
Month;  PNOM  the  Moon's  Body,  and  L  it^ 
Center ;  join  the  Centers  of  the  Sun  ajid  Moc 
with  the  right  Line  S  L,  then  fuppofi?  the  Plane 
MLN  to  pafs  through  the  tenter  of  the  Moon, 
perpendicular  to  the  t,ine  S  L  i  and  this  Plane 
will  cut  the  Surface  of  the  Moon  in  a  great  Cir- 
cle, which  will  be  the  Terminator  of  Light  and. 
Darknefs,  viz.  it  will  divide  the  enlightened  He- 
mifpherc from  the  darkened :  Alfo  let  the  Centens- 
of  the  Earth  and  Moon  be  joined  with  the  right 
Line  T  L,  and  perpendicular  to  it  draw  a  Plane^ 
pading  through  the  Center  of  the  Moon,  and  this- 
will  cut  the  Moon's  Surface  in  a  Circle  P  L  O, 
which  will  divide  the  vifible  from  the  invifible  He- 
mifphere  of  the  Moon  ;  this  Circle  is  called  The  Cir- 
cle ofVifion.  And  hence  it  is  plain,  that  if  the  Moon, 
be  in  the  Point  A  of  it's  Orbit  oppofite  to  the  Sun,, 
the  Circle  of  Vifion  P  L  O  will  coincide  with  the 
Terminator  MLN,  and  lb  the  whole  enlightened 
Hemifpherc  of  the  Moon  will  be  turned  towards  the 
Earth,  and  then  it  is  called  Full  Moon^  and  with  re- 
fpect  to  the  Situation  of  the  Sun,  it  is  faid  to  be  in 
Oppofitien;  becaufe  the  Sun  and  Moon,  fcen  from  the 
Earth,  appear  at  that  Time  to  be  in  oppofite  Points 
of  the  Heavens.  When  the  Moon  is  come  to  the 
Point  B  of  it's  Orbit,  the  whole  enlightened  Hemi- 
fphere  will  not  be  turned  to  the  Earth,  but  a  Pare 
4  "  of- 
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of  it,  as  M  P  will  be  without  the  vifible  Kcmii^ 
Iphere,  and  therefore  the  vifible  ilhiminated  Part 
Cannot  be  circular,  but  will  appear  gibbous ;  when 
the  Moon  is  in  the  I'oint  C  of  her  Orbit,  and  the 
Angle  CTS  a  right  one,  the  Angle  TC'S  will 
alfo  be  nearly  a  right  Angle:  Becaui'e  of  the  great 
Diftance  of  the  Sun  from  the  Earth  afid  Moon,  the 
Lines  ST,  SC,  are  nearly  parallel ;  cor.fequently 
the  Circle  of  Vifion  will  bifcft  the  Tcriiiinator  at 
right  Angles,  and  fo  only  one  Half  of  the  enlight- 
'  cncd  Henjifphere  will  be  vifible,  and  then  tlie  Moofi 
appears  to  bei  halved,  and  is  called  Half  Mson.  In 
this  Situation  'the  Moon  is  only  a  Qiiadrant's  Dit^ 
tance  from  the  Sun,  and  therefore  it  is  failJ  to  he  in 
it's  SluadrrJitre.,  The  Moon  procc'Cding  to  D,  it  is 
plain  that  in  this  Situation  only  a  fmall  Part  PN  of 
the  .enlightened  Hcmi^phe^:e  is  turned  towaids  the 
Earth,  and  the  grcateft  Part  N  O  of  the  enlight- 
ened Hemifphere  is  now  invifible  ;  and  confequently, 
becaufe  of  the  fpherical  Figure  of  the  Moon,  it  will  ap- 
pear horned,  and  it's  Horns  will  be  turned  towards  the 
Weft.  WJien>the  Moon  is  arrived  at  E,  the  Circle 
of  Vifion  will  again  coincide  with  the  'i'erminator, 
and  the  whole  enlightened  Plcmifphere  will  be  turned 
from  the  Earth,  and  then  it  is  faid  to  be  Neiu  Moon  j 
but  with  refpcft  to  it's  Situation  from  the  Sun  it  is 
faid  to  be  in  Coiijun^im,  becaufe  it  appears  to  be  in 
the  fame  Point  of  the  Ecliptic  with  the  Sun ;  and 
■when  it  has  moved  a  little  forward  to  F,  Part  of  the 
enlightened  Hemifphere,  liz.  MO,  will  be  feen- 
froni  the  Earth,  and  the  Moon  will  again  appear 
horned,  having  thofe  Horns  turned  towards  the  Eaft  ; 
alfo  when  at  G  it  will  appear  Jialved,  and  when  ac 
H  gibbous ;  and  Icjlijt  when  it  comes  to  A  h  will- 
appear  full. 

44.  Though  (as  v/:is  faid  in  Jrl.  28.)  the  Moori' 
moves  quite  round  it's  Orbit  in  27  Days  and  7 
Hours  nearly,    called  the  Periodic  A^filbi    yet  the 

Time 
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Time  it  takes  from  one  Conjunftion  with  the  Sun 
to  the  next,  is  greater;  'being. 29  Days,  and  about; 
12  Hoors,  which  is  called  Tke  Synodic  Month -^   for 
let  S  be  the  Sun,  T  the  Earth,  A  B  a  Part  of  the  - 
Earth's  Orbit   about  the  Sun,    and   A  L  D  C  the 
Orbit  of  the  Moon ;    then  when'  the  Earth  is  in  T, 
let  the  Moon  be  in   L,    in   Conjunftion  with  the 
Sun,  and  while  the  Moon  is  moving  frotti  L  round 
it's  Orbit  L  A'C  P,    the  Earth  in  the.  mean  Time 
will  be  moving  on  ih  it's  Orbit  about  the  Sun,  and 
carrying  the  Moon's  Orbit  along  v^ith  it :  And  whea 
the  Moon  has 'moved  quite  round  it's  Orbit,   the 
Earth  will  be  carried  from  T  to  /,  and  the  Moon's 
Orbit  will  be  in'the  Situation  lacd^  and  the  Point 
L  v/ill  be  in  the  Line  /  /,   parallel  to  the  former 
T  L,  confequently  the  Moon  will  then  be  in  U  but 
will  not  be  in  Coiijunftion  with  the  Sun  tjll  it  has 
moved  a  little  further,  and  defcribed  the  Arch  /M, 
which  is  fimilar  to  the  Arch  /  T,  becaufe  the  Angles. 
//M,  /ST,  are  equal  (by  Art.  36.  Se£i.  I.)     And 
hence  ic  is,    that  notwithftanding  the  Moon  moves 
round  it's  Orbit  in  27  Days  7  Hours,  yet  from  new 
Moon  to  new  Moon  is  always  29  Days  12  Hours, 
very  near. 

45.  If  the  Moon's  Orbit  coincided  with  the  Plane 
of  the  Ecliptic,  it  is  evident  the  Moon  would  in  one 
Month  move  round  the  fame  Circle  in  the  Hea- 
vens  that  the  Sun  appears  to  defcribe  in  a  Year,  viz. 
the  Ecliptic  \  but  the  Moon's  Orbit  does  not  lie  in 
the  fame  Plane  with  the  Ecliptic,  but  is  inclined  to 
it  at  an  Angle  of  about  five.  Degrees,  and  confe- 
quently  mult  interkft  it  in  a  right  Line  pafling 
through  the  Center  of  the  Earth  ;  therefore  Half  the 
Moon's  Orbit  will  be  above  the  Ecliptic  towards 
the  North,  and  the  other  rlalf  below  towards  the 
South.  The  Line  of  Interfeftion  is  called  The  Line. 
cf  the  Nodes^  the  Extremities  of  which  are  called 
^'bc  Nodes,     I'iie  N'pd^  in  which  the  Moon  is  when 
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.afcending  above  the  Ecliptic  towards  the  North, 
is  called  The  Afcending  Nodcy  or  Dragor!s  Hend^  fqr 
Brevity's  fake  marked  thus  S  ;  the  oppofite  one, 
n)i%.  that  in  which  the  Moon  is  when  defcending 
-below  the  Ecliptic  towards  the  South,  is  called  ^be 
'Defcending  Node^  or  Vragoifs  Tail,  marked  thus  S. 
Hende  it  is  plain,  that  the  Moon  cannot  appear  in 
the  lEcliptic  above  twice  in  one  Period,  -viz.  when 
in  the  Nodes  •,  and  in  other  P-oints  of  it's  Orbit  it 
will^  be  more  or  lefs  diftant  from  the  .Ecliptic,  ac- 
cording as  it  is  more  or  lefe  removed  from  the  neareft 
Node;  the  two  oppofite  Points  in  the  Orbit,  which 
lie  in  the  Middle  between  the  Nodes,  are  called  Tbe 
Limits  \  and  when  the  Moon  is  in  either  of  thefe, 
ihe  is  theja  at  her  greatefl:  Diftance  from  the  Eclip- 
tic. 

46.  The  Elevation  of  the  Tjeareft  Pole  above  the 
Horizon  of  any  Place^  is  equal  to  the  Latitude  of 
that  Place.  For  let  A  be  a  Place  upon  the  Earth, 
A  H  O  it*s  Meridian,  and  H  O  it's  Horizon,  E  Q^ 
the  Equator,  P  and  p  the  Poles ;  then  is  A  E  the 
i-atitude  of  the  Place,   and  P  O  the  Height  of  the 


•neareft  Pole  above  the  Horizon.     Now   fince  the 
Arches  P  E  and  A  O  are  equal,  being  each  a  Quad- 
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raac,  from  both  take  the  common  Arch  A  P,  and 
there' will  remain  AE  equ^  to  PO;  that  is,  the 
Height  of  the  Pole  above  the  Horizon  is  equal  to 
the  Latitude.  Alfo  fince  the  Arches  A  H  and  E  P 
are  equal,  being  both  Quadrants,  from  both  take 
the  common  Arch  AE,  and  there  will  remam  EH 
equal  AP;  that  is,  the  Height  of  the  Equator 
above  the  Horizon  of  any  Place,  is  equal  to  the  Corii- 
.f)lement  of  the  Latitude  of  that  Place. 
'  •  47.  Great  Circles  pafling  through  the  Poles  of  the 
Ejcliptit,  and  cutting  it  at  right  Angles,  are  calie4 
Secondaries  of  the  EcUptic.  -         . 

4S.  The  Latitude  of  any  heavenly  Body,  is  an 
.Arch  of  the  Secondary  pafling  through  the  Center  of 
the  Objc<fH"  intercepted  between  it  and  the  Eclip- 
tic -,  and  it' is  cither  North  or  South,  according  asf 
the  Object  is  on  the  North  or  South  Side  of  the 
Ecliptic.       '   "  -       ' 

49.  l^he  Lcngiiude  of  ahy  celeftial  Body,  is  an  Arth 
of  the  Ticlipcic  intercepted  between  the  Secondary 
pafling  through  that  Body,  and  the  firfl:  Point  of 
AriciJ  '  ■  ■ 

50.  The  Declination  of  any  heavenly  Body,  is  an 
Arch  of  a  Meridian  pafling  oyer  that  Body,  in- 
^terceptcd  between  the  Center  of  it  and  the  ccleflial. 
Equator*,  and  it  is  either  North  cr  South,  according 
as  the  Body  is  on  the  North  or  South  Side  of  thd 
Equator. 

51.  Since  the  Sun  by  his  annual  Motion  is  aU 
>vays  either,  approaching  nearer  to,  or  going  fur- 
ther from  the  Equator,  it  is  plain  he  muft  be  con- 
tinually changing  his  Declination.  In  the  thirc} 
Table  at  the  lind  of  this  Book,  you  have  his  De- 
clination for  every  Day  of  the  Year,  in  wliich  you 
may  obferve,  that  in  the  Top  Columns  ftand  the 
Year,  Month,  and  Kind  of  the  Declination,  liz. 
^hctlier  it  be  South  or  North  5  and  in  the  Left-hand 
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Column  ftands  the  Day  of  the  Month  j  the  other 
Columns  contain  the  Declinations  anlwerable  to 
thcfe:  Confequently,  to 'find  the  Sun's  Declination 
for  any  Day,  fuppofe  the  twentieth  of  Aprils 
1772,  I  look  at  the  Top  for  the  Year  1772,  and 
'  the  Month  Jpril^  and  in  the  Side  Column  for  20, 
then,  in  the  Column  below  ^n7,  and  on  the  fame 
Linfc  with  20  I  find  li^,  29',  for  his  Declination 
North ;  and  the  fame  Way  his  Declination  may  be 
found  for  any  other  D^y.  But  you  muft  obferve, 
that  this  Table  is  calculated  only  for  the  Meridian 
of  London^  that  is,  it  fhews  the  Declination  of  the 
Sun  when  upon  the  Meridian  of  hondon\  and  con- 
feqtjently,  to  find  the  Sun's  Declination  for  any 
pther  Time  of  the  Day,  we  muft  confider  whether 
the  given  Time  be  before  or  after  Noon ;  if  it 
be  before,  then  fay,  As  24  Hours  is  to  the  Dif- . 
ference  between  the  Declination  of  the  Sun,  the 
Nopn  of  the  preceding  Day,  and  his  Declination 
the  Noon  of  the  prefent  Day  -,  fo  is  the  Time 
from  Noon  laft  Day,  to  a  fourth  Proportional; 
which,  if  the  Declination  be  increafing,  muft«  be 
added  to,  but  if  decreafing,  fubtradled  from  the  Sun's 
Declination  the  Noon  of  the  preceding  Day  ;  and 
the  Sum,  or  Remainder,  is  the  Declination  for  the 
prefent  Time, 

Example.  Suppoie  it  were  required  to  find  the 
Sun's  Declination  on  the  fifteenth  Day  of  JpriU 
1776,  at  8  Hours  25  Minutes  in  the  Morning: 
To  do  this,  I  firft  look  in  the  Tables,  for  the  Sun's 
Declination  the  fifteenth  Day  of  Ap'iU  1776,  and 
find  it  to  be  10°  N ;  then  I  look  for  it  the  fourteenth 
Day,  and  find  it  to  be  9°,  39',  N ;  the  Difference  of 
thefe  is  ^l' \  then  I  fay,  As  24  Hours  is  to  21';  fo  is 
2Q  Hours  25  Minutes,  the  Time  elapfed  fince  laft 
Noon,  to  18';  which  added  to  9"",  39'  (becaufc 
the  Declination  is  increafing^  gives  9°,  51'^  for  the 
Sun*s  prefent   Declination.     Again,    if  the   Time 

propofed 


1 

>eclinJ^H 
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propofed  be  after  Noon  ;  then  to  'find  the  Oi 
tibn  for  that  Time,  we  mull:  look  in  the  TableS^I 
for  the  Sun's  Declination  the  Noon  of  the  prefenr 
Day ;  and  for  the  fame  the  Noon  of  the  following 
Day,  "and  take  the  Difference  of  thefe  Declinations  j 
then  fay,  As  24  Hours  is  to  the  Difference  of  the 
Declinations-,  fo  is  the  Time  elapfed  fmce  Nomi,' 
10  a  fourth  Proportional ;  which  added  to,  or  fub- 
traifled  from,  tht  Sun's  Declination  the  prefcnt  Day 
at  Noon  {according  as  the  Declination  is  increalTng 
or  decreallng)  gives  the  Sun's  Declination  at  the' 
Time  prcipofed.  f 

ExotnpU.  Suppofe  it  were  required  to  find  the  Sun's 
Declination  on  the  twenty-third  Day  of  July,  1777, 
at  4  Hours  23  Minutes  atter  Noon.  To  do  this  we* 
muft  firll  look  in  the  Tables,  for  the  Sun's  Declinar 
lion  the  twenty-third  Day  o(  Jufy,  lyyy,  and  will 
find  it  to  be  20°  N-,  then  for  his  Declination  the 
following  Day,  which  is  13",  50',  N;  and  the  Dif- 
ference between  thefe  two  is  10';  then  fay.  As  24. 
Hours  is  to  10';  fo  is  4  Hours  23  Minutes,  the  Time 
elapfed  fince  Noon,  to  2'  nearly,  which  (becaufe  the 
Sun's  Declination  is  decreafmg)  fubtraded  from  20"^ 
the  Declination  of  the  Sun  at  Noon  of  the  prefent 
Day,  leaves  19",  5H',  the  Son's  Declination  for  the 
Time  propofed. 

And  fince  the  Table  of  tlie  Sun's  Declination  at 
the  End  of  this  Book,  is  fitted  to  the  Meridian  of 
Lctidon,  it  cannot  ferv«  for  the  Meridian  of  any 
other  Place,  either  on  the  Eaft  or  Weft  Side  of  tl«; 
Meridian  of  LenJon--,  for  while  the  Sun  by  his  ap- 
parent diurnal  Motion  is  paffing  from  one  Meridian 
10  another,  he  is  at  the  fame  Time  ftill  moving  on 
in  the  Ecliptic,  and  confcquently  altering  his  De- 
clination. Now  to  find  tlic  Declination  of  the  Sun 
when  he  is  on  the  Meridian  of  any  Place,  lying  011 
the  Eaft  or  Weft  Side  of  London,  we  muft  take  the 
Diffcicncc  of  Longitude   between  Lcsdca  and  the 
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given  Place  (or  if  the  Meridian  of  London  be  fup* 
pofcd  the  firft  Meridian,  we  muft  take  the  Longi-. 
tudc  of  the  Place)  and  convert  this  into  Difference 
of  Time,  which  will  ftiQw  the  Time  before  or  af- 
ter Noon  at  London^  the  Sun  is  uoon  the  Meridian 
of  the  Place  propofed,  viz.  if  the  Place  lie  on  tht 
Eaft  Side  of  London^  the  Time  will  be  before  Noon  -, 
but  if  on  the  Wefb,  it  will  be  after  Noon ;  then 
ftnlding,  according  to  the  preceding  Examples^  the 
Sun*s  Declination  at  the  Time  propofed,  the*  fame 
will  be  his  Declination  when  on  the  Meridian  of  the 
given  Place. 

This  may  be  done  another  Way,    ^ij^.,   by  the 
Help  of   the  Table  of  the  Variation  of  iSbe  Sun's 
Declination  to  every  1 5  Degrees  of  Longitude  front 
the  Meridian  of  Ldndvn^  annexed  to  the  Table  of 
Declination -,  the  upper  Column  of  which  contains 
the  Degrees,    and  the  Left-hand  Side  Column  con- 
tains the  Minutes  of  the  Sun*s  daily  Variation-,  and 
the  other  Columns  corltain  the  Minutes  anfwering 
to  the  Degrees  and  Minufes  in  the  Top  and  Side 
Columns.     Now  to  find  the  Sun's  Declination  any 
Day,   when  he  is  on  the  Meridian  of  any  Place  ly- 
ing on  the  Eaft  or  Weft  Side  of  London^    by  this 
Table;   we  muft  firft  find  the  Sun's  Declination  for' 
the  prefent  and  for  the   following   Day,    and    the 
Difference    between   thcfe    two   will    give   us    the 
daily  Variation  at  that  Time ;  then  look  in  the  Table 
of  Variation,  fc?r.    at  the  Top,    for  the  Difference 
of  Longitude   between    London   and  the   propofed 
Place,  and  in  the  Side  Column  fbr  the  Minutes  of 
Variation  ;    then  below  thefe  Degrees,    in  'the  Top 
and  on  the   fame   Line  with   the  Variation  in  the 
Side  Column,  we  (hall  find  the  Variation  required  j 
which,    if  the  propofed  Place  be  Weft  of  London ^ 
and  the  Declination  increafing,    muft  be  added  to 
the  Declination  for  the  prefent  Day,   and  the  Sum. 
is  {he  Declination  required  >   bqt  if  the  Declination 

be 


nhS       The  Principles  of  Geocra.phv,  6?r, 

be  .decreafmg,    then  the  Variation  luhtrafled  ftqg^-- 


the  Decli 


,  gives  that  requireJ.     Again,  if  the 


F 


Place  lie  on  the  Eall  SJJe  of  London,  and  the  De 
cTination  increaiing,  then  ihc  Variation  ftibtraflieti 
from  the  Declination  for  that  Day,  k'aves  the  De- 
clination required  •,  but  if  the  Declination  be  de- 
crcafmg,  then  the  Variation  added  to  the  Declination, 
gives  that  reqiiir»;d. 

,,  Example.  Let  it  be  required  to  find  the  SuiCs 
Declination  when  he  is  on  the  Meridian  of  St.  Lucm 
(.whofe  Longitude  from  Lotidan  is  (jo",  15',  Weft) 
on  the  Icvenceenth  Day  of  M.iy,  177;.  To  do  this,, 
I  f]rft,look  in  the  Tables  for  the  Declination  of  ;be 
Suri'the  feyenccenth  Day  of  A;fijy,  1777,  and  find  if 
to  be  19  ,  25',  N.  and  for  the  following  Day,  andt. 
I  find  it  to  be  19',  59',  N.  the  Difference  of  which  ■ 
is  14  MinuteSj  the  Sun's  daily  Variation  at  that 
Time  i  then  1  look  in  the  Top  of  the  Table  of  Var 
nation,  Sc.  .for  60,  the  Difference  of  Longitude, 
and  in  the  Side  CoUuim  for  141  and  bi.'low  60,  and 
in  the  fameL.ine  with  14,  I  find  a  Minutes,  which 
(becaufe  the  Place  is  Wcit  of  London^  and  the  Decli- 
nation increafing)  I  add  to  19°,  25',  and  the  Suni 
is  19°,  39',  the  Sun's  Declination  at  St.  Lvcia  xhc- 
feventeenth  Day  of  jWfi>',   1777- 

From  hence  you  may  obfcrve,  that  the  Method  o^, 
folving  this  Problem  by  tiie  Table  of  Variation,  i 
fcff.  is  not  fo  exaft  as  ttie  former;  for  here  wcu 
can  only  enter  the  Table  with  a  Number  of  Dc-  . 
grees,  which  li  either  15°,  or  fomc  Multiple  of 
\i  below  i9.t",  and  all  the  odd  Jicgrees  and  Mi- 
nutes muft  be  thrown  away  1  but  in  the  former 
Method  we  can  life  any  NiHnber  of  Degrees  an.d 
Minutes. 

52.  Since  the  fixed  Stars- always  keep  the  fame 
Places  in  the. Heavens  (at  leaft  in  a  few  Year^ 
their  Variation  is  infcniiblej  it  is  plain  their  De/ 
ilination    mufl:   ftiU   be    tlie   fame.     At   the  End . 


i 
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Latitude  hy  Obfervation.  .  lo^ 

of  the  Tables  of  the  Sun*s  Declination  and  Yaria- 
tiptt,  there  is  a  Table  of  the  Declinations  of  the  mpft 
principal  fixed  Stars. 


-"-^^ 


S  E  C'T.    IV. 

Cr'O  find  the  Latitude  of  a  Place  hy  the  Meridian  AU- 
■^     iitude  and  Declination  of  any  celeftial  Body. 

This  Problem  admits  of  fevcral  Cafes^  according  ii 
the  obferved  Objeft  is  fituace  with  refpeft  to  the 
Equator,  and  Place  of  Obfervation,  which,  are  a^ 
follow : 

• 

Cafe  I.  When  the  Sun  or  Star  obferved'  hns  no 
Declination,  it  is  upon  the  Equator,  and  then*  tht 
Zenith  Diftance  of  the  Objeft  is  equal  to  the  Lati- 
tude of  the  Placej  which  is  North  Latitude  if  the- 
Sun-  or  Star  comes  to  the  Meridian  on  the  Souclx 


Side  of  the  Zenith;  but  South,  if  on  the  North  Side. 
For  in  the  annexed  Scneme^  let  Z  rcprefent  the 
Place  of  Obfcrvationy  PQ^E  i^s  Meridian,  E<^ 

the 


lio  hatitude  kf  Ohfervaiioit. 

ihe  Equator,  H  O  [he  Horizon,  P  the  North,  and 
*  the  South  Pole  ■,  then  fince  the  oblerved  Ob^edt 
IS  fuppofed  to  have  no  Declination,  EQ^will  repre- 
fcnt  the  Path  of  it's  diurnal  Motion,  and  when  it 
comes  upon  the  Meridian,  Z  E  will  be  it's  Zenith 
DilVance,  which  is  inanifcftly  equal  to  the  Latitude 
of  the  Place  Z.  And  when  the  Objcd  at  E  is  SoUih 
of  Z,  it  is  plain  the  Place  Z  mult  be  Norih  of  E, 
and  confequently  the  Latitude  will  be  North. 

Cafe  2.  If  the  Sun  or  Star,  when  on  the  Meridian, 
is  in  the  Zenith,  then  the  Declination  of  the  Objeifb'' 
is  thefame  with  the  Latitude  of  the  Place,  For  it  is 
evident  that  in  this  Cafe  they  are  equally  diilant  from 
the  Equator,  and  on  the  lame  Side  of  ic;  confequently 
if  the  Declination  be  North,  the  Latitude  will  alfo 
be  North  i  and  if  South,  the  Latitude  will  be 
South. 

Cafe  3.  If  the  Sun  or  Star  be  between  the  Equa- 
tor and  Place  of  Obfcrvation,  then  the  Latitude 
of  the  Place  is  equal  to  the  Sum  of  the  Zenith 
Diftance  and  Declination  of  the  Object  1  and  it  is 
of  the  fame  Name  with  the  Declination ;  that  is, 
if  the  Declination  be  North,    the  Latitude  is  alfo 


1 

1 
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North,    iS  e  contra.     For  in  the  adjacent  Scheme, 
kt   A  B   reprefent   the  Parallel    deicribed   by  the 

obferved 


Latitude  iy  O^fervatton,.  he 

6!>fcrye4  Objedt  in  it's  diurnal  Motioo,  and  A  it'^ 
Flap?  Vpon  the  Meridian,  between  Z,  the  Place  of 
Obieryation,  an4  E  Q^  the  f^quator  5  then  will  ZE,. 
the  Latitude  of  tlie  Place  Zj  be  equal  tp  the  Sunji 
of  E  Aj'  the'Declination,  and  AZ  the  Zenith  Dif- 
tance  j  and  if  the  Declination  be  North,  the  Lati- 
tude will  dfo  be  North,  i^  e  contra  \  fince  in  this 
Cafe  the  Objcdt  and  Place  of  Oblervation  lie  both  pa 
the  fame  Side  of  the  Equator.  "^ 

Exanfple,    Suppofe  on  the  t\^nty-third  Day  of  A- . 
priU  ^77^y  ^he  Sun,  when  on  the  Meridian,  has  52""^ 
1 2V  or  Altitude,  and  confequently  37°,  48',  Zenith 
Djiftance,  required  the  Latitude  of  the  Place  of  Ob- 
fervation. 

The  Sun's  Declination  for  that  Day  is  12°,  45',  N^ 
His  Zenith  Diftance 37°,  48',    - 

The  Sum  is  the  Latitude^  viz.       -     50°3  33'>  N* 

Cafe  4-    If  the  Sun  or  Star  be  on  the  contrary 
'    Side  of  the  Equator^    with  the  Place  of  Obfervar- 


tron,  and  confequently  both  Declinajtion  and  Ze- 
nith Diftance  of  the  fame  Name^  viz.  either  both 
Northr  or  bQth  South  1^  thea  th^  Latitude  is  found 
■    '  by 


>^ 


by  taking  the  Declination  from  the  Zenith  Diftance',- 
and  it  is,  of  a  contrary  Name  with  the  Declination; 
For  in  the  adjacent  Figure,  let  B  D  rcp'refent  the  Pa- 
rallel dclcribcd  by  the  obfervcd  Ohjcii:  in  it's  diurnat 
Motibn,  on  the  other  Side  of  the  Equator  K  Q.  with' 
the  Place  Z,  and  B  will  be  it's  Place  when  upon  the 
Meridian  ;  then  if  from  Z  B,  the  Zenith  DilUtice, 
be  taken  BE,  the  Declination,  there  will  remain 
Z  E,  the  Laiicude  of  the  Place  of  Obiervation  Z, 
and  the  Latitude  will  be  of  a  contrary  Name  witK 
the  Declination  ;  fincc  in  this  Cafe,  the  Objei5t  and 
Place  arc  on  contrary  Sides  of  the  Kquacor. 

Example.   Being  at  Sea  the  23d  Day  of  JanuaryM 
1776,  1  found  the  Meridian  Altitude  of  the  Sun  1 
be  43",  15'-,  confequently  his  Zenith  Diftance  46°^ 
45*,  and  he  was  Souch  oi  me :  Required  the  Latitudj " 
of  the  Place  of  Obfervarion,  and  which  Way  it  is. 

■  From  the  meridional  Zenith  Diftance     46°,  45',  SJ 
take  the  Sun's  Declination       -     -     -     ig",  21',  S^ 

ilierc  remains  the  Latit.  of  the  Place  -    27'^, 


When  tjie  Zenith  Diftance  and  Declination  are  equal', 
and  both  of  the  famcNamc,  then  the  Latitude  vanilhcs, 
and  confequent>y  the  Place  is  fituated  on  the  Equator. 
Cafe  5.  If  the  Sun  or  Star  be  between  the  Place' 
of  Obfervation  and  the  nearelt  I'olc,  and  conie- 
qticntly  both  Declination  and  Zenith  Diftance 
of  the  fame  Name;  then  from  the  Declination  fub- 
traft  the  Zenith.  Diftance,  and  tlie  Remainder  is 
the  Latitude  of  the  Place  of  Obfervation,  and  it  is- 
of  the  fame  Namc-with  the  Declination.  For  in  the 
annexed  Scheme,  let  KL  reprefent  the  Parallel  de"- 
Icribcd  by  the  obferved  Object  in  it's  diurnat  Motion,; 
and  K  will  be  it's  Place  when  upon  the  Meridian  j 
then  it  is  plain,  that  if  from  K  E,  the  Declination,,  be 
taken  ZKj  tlieiTferidional  Zenith  Diftjncc,  there  wilt 
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remain  ZE  the  Latitude  of  the  Place,  which  will  be 
of  the  fame  Name  with  the  Declination,  fmce  th« 


Obje£t  and  Place  of  Obfcrvation  arc  in  this  Cafe  upon 
the  fame  Side  of  the  Equator. 

Example  i.  Suppofc  on  the  fourth  Day  of  July^ 
1769,  I  obfcrved  the  Meridian  Altitude  of  the  Sun 
to  be  82',  4'i  confcquently  the  Zenith  Diftance 
7°,  56':  Required  the  Latitude  of  the  Place  of  Ob-_ 
fcrvation,  and  which  Way  it  is. 
The  Sun's  Declination  that  Day  is  -  22",  52'  N. 
his  Zenith  Diftance      ...    -    ,      7°,  56'  N. 

the  Difference  is  the  Latitude,  -viz.    -    14',  56' N. 

Example  2,  Being  at  Sea,  I  obferved  the  Meridian 
Altitude  of  the  middlemoft  Star  in  the  Tail  of  the 
Great  Bear,  to  be  56°,  44'  North  ;  confcquently  it's 
Zenith  Diftance  33°,  16',  and  it's  Declination  being 
^S ",  2  2'  North :  Required  the  Latitude  of  the  Place 
of  Obfervation,  and  which  Way  it  is. 

From  the  Declination     -     -     .     -     56',  22'  N. 

lake  the  Zenith  Diftance     -    ~    -    33°,  16'  N. 


iherc  remains  the  Latitude 

J 


23",  06'  N. 
Caft  6. 


Laliiude  by  Ohfervatkn.  * 

'afe  6.  If  ihe  Sun  or  Star  be  between  the  Hon-  . 

zon  knd  the  elevated  Pole,    then  to  the   Altitude 

add  the  ComplenTtnt  of  the  Declination,   and  the 

Sum  will  be  the  Latitude  of  the  Place  of  Obfer- 

vation,    and  of  the   fame  Name  with  the  Declina- 

I  tion.      For  let   AB  be  the   Parallel    dcfcribcd  by 

I  ihe  Objeft   in  it's  diurnal  Motion,  B  it's  Place  on 

I  tlie  Meridian,    when    between    the    Horizon    and 

F 

I  elevated  Pole  ;    then  'tis  plain,  that  if  to  B  I 

r  Altitude,  be  added  B  P  the  Complement  of  the  De- 

I  clination  of  the  Objeft,  the  Sum  P  O  will  be  cquaj 

to  the  Height  of  the  Pole  above  the  Horizon,  which 

(by  Art.  47.  SeS^  III.)  'is  equal    to  the  Latitude 
■  of  the  Place  of  Obfervacion  Z,  and  it  will  be  o^" 

the  fame  Name  *ith  the  Declination,  fince   both 
I  the  Place  and  tlie  Obj.e£t  are  on  the  fame  Side  of  the 

i  Equator,  t 

I  Exampk:  Being  at  Sea,  I  obferved  the  bright  Sta^ 

I  ef  the  Harp  on  the  Meridian, 'between  the  Horizon 

1  and  elevated  Pole,;  it's  Altitude  being  S%  33',  and 

Declination  38",  33*  North  :  Required  the  Latitude 

of  the  Place  of  Obfervacion. 

To  the  Complement  of  the  Decrinat.     51°,  27'  N. 

add  the  Altitude      -     -----    8°,  33' N. 

-    60°,  00'  Nv 


i 


ihs  Sum  is  the  Latitude 


€^fc  7, 


Cafe  7.  Wlien  tlie  obferved  Objeifl  does  not  fer,  and 
confequently  ihe  Complement  or  it's  Declination  lels 
than  the  Latitude  of  the  Place  ;  then,  'tis  plain,  the 
Objeft  will'  be  twice  upon  the  Meridian  in  24  Hours, 
viz,  at  it's  leaftand  ereateft  Ahitude-,  when  the  Al- 
titude is  lead,  the  Objedl  is  tiien  between  the  Horizon 
and  elevated  Pole,  and  by  that  Altitude  and  Declina- 
tion of  theObjcft,  the  Latitude  of  the  Place  may  be 
found  (as  in  die  laft  Cafe) ;  but  when  the  Altitude  is 
greateft,  the  Obje£t  is'then  on  the  other  Side  of  the 
Pole.  Now  with  thefe  two  Meridian  Altitudes,  with- 
out knowing  the  Declination  of  the  Objeft,  we  cari 
find  the  Latitude  of  the  Place,  thus  1  if  the  two  Al- 
titudes be  both  on  the  fame  Side  of  the  Zenith,  then 
from  the  greater  fubtraft  the  Icfs,  and  half  the  Re- 
mainder added  to  the  lefs  gives  the  Latitude,  of  the 
fame  Name  with  the  Zenith  Diftance;  for  in  the  pre- 
ceding Scheme,  where  A  B  reprefented  the  Parallel 
of  Declination,  defcribed  by  the  Objedt  in  it's  diurnal 
Motion,  B  O  it's  leaft,  and  A  O  it's  greateft  Meridian 
Altitude,  'tis  plain,  if  from  AO  betaken  BO,  the 
Difference  will  be  A  E,  whofe  half  P  B  added  to  BO, 
gives  P  O  the  Height  of  the  Pole  above  the  Horizon, 
equal  to  the  Latitude  of  the  Place. 

Example.  Being  at  Sea,  I  obferved  the  Northermoft 
of  the  two  preceding  Stars  in  the  Square  of  the  Gre^n 
Bear,  which  did  not  fet,  and  found  the  leaft  Altitude 
to  be  23°,  12',  and  the  greateft  72°,  46',  both  North 
of  my  Zenith  :  Required  the  Latitude  of  the  Place 
ofObfervation. 

From  the  greateft  Altitude     -     -     -      72°,  46  N. 
take  the  leaft      -     -     -     -     -     -     -     23°,  12'  N. 

the  Remainder  Is      ------     49°,  34' 

the  half  of  which  is      -----   ^24°,  47' 

BL-which  adding  the  leaft  Altitude     -    '23",  12' 

c  Sum  will  be      - 47°,  59' 

I  2  which 


^ 


Atitude  hy  Obfimatiotr. 
wbich  is  equal  to  the  Latitude  of  the  Place,  and  It  i»i 
North,  becaufe  the  Zenith  Diftance  is  on  theNorttir"  j 
Side. 

But  if  the  greateft  and  leaft  Meridian  Altiiudes  of  ] 
the  Object  be  upon  different  Sides  of  the  Zenith, 
viz.  one  upon  the  North  and  the  other  upon  the 
South  Side  i  then  from  tbc  Supplement  of  the 
greateft  Altitude  fubtraft  the  leaft,  and  half  the  Re- 
mainder added  to  the  feaft  Altitude,  will  give  the 
Latitude  of  the  Phce  of  Obfervacion,  which  will  be 
of  the  fame  Name  with  the  leaft  Altitude,  viz.  North, 
if  the  leaft  Altirade  be  North  of  the  Place,  tf  e 
tontra.  For  in  the  anuexed  Figure,  fct  BA  repre- 
sent the  Paratki  defcribed  by  the  Objeft  in  it*s 
diurnal  Motion,  B  and  A  the  Places  of  the  Objeft 
when  upon  the  Meridian,  on  contrary  Sides  of  the 
Zenith  Zj  BO  it's  leaft  Altitude,  and  HA  it's 
greateft  Altitude,  the  Supplement  whereof  is  AO. 
Now  if  from  A  O  we    take  O  B,  the  Remaiodcr 


will  be  A  B,  half  of  which,  PB,  added  to  BO,  mates 
PO  the  Height  of  the  Pole  above  the  Horizon,  or 
Latitude  of  the  Place  Z ;  which  will  be  North  if 
the  leaft  Altitude  BO  be  on  the  North  Side  of  the- 
Place,  becaufe  in  this  Cafe  the  North  Pole  will  be 
elevated. 

Example^ 


Latitude  iy  Oifertmioft.  "'tt^  ' 

Example.  Being  at  Sea,  I  obfcrvcd  the  Sun  when 
lie  did  not  fet,  and  found  his  leaft  Meridian  Altitude 
to  be  3",  29'  on  the  North  Side  of  the  Zenith,  and 
his  greatcft  Meridian  Altitude  was  43°,  29'  on  the 
South  Side;  Required  the  Lautude  of  the  Place  of 
Obfervation. 

from  the  Supplement  of  the  Son's")        ^„        , 

greatcft  Meridian  Altitude      -     j      ^     *  3' 

take  his  leaft  Altitude     -     -     -     -     -     3°,  29* 

and  there  remains     ------    133",  02' 

half  of  which  is     -------   SS'y  31' 

to  which  add  the  Icfs  Altitude      -      -      3°,  29' 

the  Sum  is--------     70°,  00'  N. 

the  Latitude  of  the  Place  of  Obfervation. 


^K.  SECT.     V. 

^^  Of  the  Elements  of  Chronology, 

i.'TpIME  confidered  abrtraftedly,  without  any 
"^  Relation  to  external  Objefts,  flows  always 
equally  and  uniformly,  and  ic  is  called  Ablblute, 
True,  and  Mathematical  Time,  or,  fimply,  Dura- 
tion. But  that  which  commonly  goes  under  the  Name 
of  Time,  is  a  certain  Part  of  Duration  meafured  by 
the  fimpie  and  uniform  Motion  of  fome  Body,  fuch 
as  the  Motion  of  the  Celeftial  Bodies,  and  particularly 
of  the  Sun  and  Moon  ;  this  is  called  Relative,  Ap- 
parent, or  Vulgar  Time. 

2.  Time  is  divided  into  Years,  Months,  Weeks, 
Days,  Hours,  Scruples  or  Minutes,  i£c. 

3.  A  Day  is  of  two  Kinds,  viz.  Natural  ov  Ar- 
tificial ;  a  Natural  Day  is  that  Space  of  Time  that 
flows  while  the  Sun  moves  from  any  Meridian,  'till 
lie  comes   to  the    iame  again.      An  Artificial  Day 
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is  that  Space  of  Time  that  the  Sun  continues  above 
the  Horizon,  and  the  Time  he  continues  below  itii 
called  a  Nighi.  ■  ' 

4.  An  Hour  is  a  certain  determinate  Part  of  th^ 
Pay,  and  is  either  fyW  or  unequal.  An  equal  Hofit 
is  the  twenty-fourth  P;iit  of  a  natural  Day;  and 
an  unequal  Hvur  is  the  twelfth  Part  of  an  artificial 
Pay,  which  is  alfo  called  a  diiirial  Hour,  as  the 
twelfth  I'^rt  of  the  Night  is  called  a  isofluraat 
Hour;  thefe  are  likewife  called  I'eviparary  Heurs^ 
becaufe  at  different  Seafons  of  the  Year  they  are  of 
different  Lengths  ;  for  a.  diurnal  Hour  in  the  Sum- 
mer is  loriger,  and  a  noihirnal  (liortcr,  in  the  Win- 
ter-, hut  in  the  cquinotlial  P^y,  a  diurnal  Hour  is 
equal  to  a  nofturnal,  and  then'chey  are  called  equi^  ' 
mSlial  Hciirs.  '  % 

5.  The  diurnal  Hours  begin  afthc  Rifing  and' 
end  at  the  Setting  of  the  Sun  ;  and  the  fio£lurnal 
Hours  begin  at  the  Setting  and  end  at  the  Rifing  of 
tJie  Sun,  Thefe  Hoiirs  -were  anciently  in  Ule  among 
the  Jews  and  Rcinans,  and  at  prefent  among  the 
Turks.  They  were  antiently  called  planetary  Hours, 
becaufe  in  every  Hour  one  of  the  fcven  Planets 
was  fuppofed  to  prcfide  over  the  World  ;  thus,  for 
Example,  on  Sunday,  the  firft  Hour  from  Sun-rifing 
was  allotted  to  the  5wffi  the  fecond  fell  to  Venus^ 
the  tliird  to  Mercury,  and  foon  to  the  reft  in  Order, 
viz.  to  the  Moon,  Saturn,  Jupiter,  and  Mars-,  by 
which  Means,  the  firft  Hour  from  Sun-rifing,  the 
next  Pay  fell  to  the  Moon ;  from  which  it  was 
called  MondiTjf,  and  fo  on  thro'  the  other  Pays  of  the 
Week,  each  Pay  getting  it's  Name  from  the  Planet 
that  was  fuppofed  to  prcfide  the  firft  Hour  of  that 
Pay. 

6.  The  Pay  in  different  Nations  begins  at  diffc- 
fent  Times.  Tlius  the  Babylonians,  JJJyrians,  ami 
ieveral  other  eaflern  Nations,  began  their  Pay  ac 
Suji-rifing ;    th?  Howr  after  that,   they  called  the 

firft 
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firft  Hour,  and  fo  counted  on  'ciU  they  came  to  the 
twenty-fourth  or  laft  Hour,  which  was  the  Hour  be- 
fore Sun-riling.  The  Jewi^  and  Grecians  began  ihcjr 
Day  at  Sun-fet  i  as  at  this  Time  the  Italians,  St^ilianSf 
Bohen.ians,  PolanJerSt  and  Aujirinns  doj  the  Hour 
before  the  Sun-fct  they  call  the  laiT:  or  twency-fourtli- 
Hour,  and  the  Hour  after  the  Sun  is  fet,  they  call  the 
firilHour;  and  fo  count  on  to,  the  twenty-fourth, 
when  the  Sun  lets  again, 

7.  'I"he  Egyptians,  and  Romans,  antiently  began 
their  Day  at  Midnight ;  which  was  followed  by 
Hipparchus^  Capernicus,  and  other  Afirmomcrs,  in 
their  Aftronomical  Obfervations,  and  is  flill  retained 
in  Britain,  France,  Spain,  and  molt  other  Places  ia 
Europe ;  but  the  yh^abs,  and  modern  AJironomcrs,  be- 
gin the  Day  at  Noon,  viz.  when  the  Sun  is  upon  ilic 
Meridian. 

8.  A  IVeek  is  a  Succeffion  of  feven  natural  Days, 
each  of  which  has  a  particular  Nam?  allotted  to  it, 
viz.  the  firfl  is  called  Sund<^,  the  fccoiid  Monday^  and 
fo  on. 

9.  A  MoKib  is  a  certain  Syftem  of  Days,  con- 
fifting  of  fomething  more  or  lefs  than  thirty  Days, 
and  is  of  two  Kinds,  'uiz.  Aftranomieal  or  Civil;  an 
AftroKomical  Month  is  that  which  is  governed  ei- 
ther by  the  Motion  of  the  Sun,  or  that  of  the 
Moon  ;  and  confequently  is  of  two  Kinds,  ■dis,  Sdar. 
or  Lmar.  A  Solar  Month  is  that  Time  which  the 
Sun  cakes  to  run  through  a  whole  Sign,  or  the 
twelfth  Part  of  the  Ecliptic;  and  a  Lunar  Montlt 
is  that  which  is  meafured  by  the  Motion  of  the 
Mocn  round  the  Earth,  and  is  of  three  Kinds,  i-iz. 
Periodical,  Synodtcal,  and  that  of  Illumination;  the 
Periodical  and  Symdical  Months  are  defined  in 
An.  45.  5fS.  III.  and  the  Month  of  IlluminatioH  or 
Apparition,  is  that  Space  of  Time  contained  between 
the  Day  that  the  Moon  begins  to  appear  after 
Change,  to  the  Day  tltat  Ihe  difappears  3  and  this 
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confifts  of  twenty-eight  Days  nearly.  A  Chil  or  Pa^ 
lilical  Month,  differs  from  the  Aftronomkak  and 
confifts  of  more  or  fewer  Days  according  to  the  Infti- 
tucion  of  the  Country  in  which  they  are  ufed. 

10.  A  Tear  is  a  certain  Syftem  of  Monihs,  and 
is  either  AJtronomkal  or  Civil ;  the  Jjlronomical 
Tear  is  of  two  Kinds,  liiz.  Solar  or  Jjunar ;  and 
the  Solar  Tear^  is  either  Sidereal  or  'Tropical.  The 
Sidereal  Tear  is  that  Space  of  Time  that  the  Sun 
takes  to  move  from  a  fixed  Star  'till  he  returns  to 
the  fame  again  j  and  it  confifts  of  365  Days,  6 
Hours,  9  Minutes,  and  14  Seconds;  the  Tropical 
Tear  is  that  Space  of  Time  which  flows  while  the 
Sun  moves  from  any  one  of  the  Cardinal  Points^ 
'till  he  returns  to  the  fame  again ;  and  it  confifts 
of  365  Days,  5  Hours,  48  Minutes,  and  57  Se- 
conds, and  commonly  gets  the  Name  of  the  Solar 
Tear. 

1 1.  A  Lunar  Tear  confifts  of  a  certain  Number  of 
Months,  and  is  either  Camman  ov  Emholifmic.  ACom- 
tnon  Lunar  Tear  confifts  of  twelve  Synodic  Lunations^, 
and  an  Embolifmic  contains  thirteen. 

12.  The  Civil  or  Political  Tear  cond^s  of  a  cetr 
tain  Number  of  Days,  naore  or  fewer,  accordingly 
the  Laws  and  Cuftoms  of  the  Countries  in  which  it 
is  received. 

13.  Since  the  Comnten  Lunar  Tear  confifts  of 
twelve  Synodic  Months,  or  354  Days  nearly,  and 
the  Solar  confifts  of  365  Days,  (throwing  away 
the  odd  Hours  and  Minutes)  'tis  plain  that  the 
Solar  Tear  will  cjcceed  the  Lunar  by  about  11 
Days ;  and  confcquently  in  the  Space  of  about 
thirty-three  Years,  the  Beginning  of  the  Lunar  Tear 
will  be  carried  thro'  all  the  Seafons;  and  hence  it  is 
called  the  Moveable  Lunar  7'ear.  This  Form  of  the 
Year  is  ufed  at  this  Time  by  the  T'urks  and  Ara- 
bians; and  becaufe  in  tliree  Years  Time,  the  Solar 
CJtceeds  the  Lunar  by  33  Days  j  therefore  to  keep 
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^  lunar  Months  in  the  fame  Seafons  and  Times  of 
the  Solar  7'ear,  or  near  it,  they  added  a  whole  Month 
to  the  Lunar  7'ear,  every  third  Year,  and  fo  made  it  j 
coniift  of  thirteen  Months  i  this  Year  they  called  theJ 
Embolifmic  Tear,  and  the  additional  Month,  the  Em^m 
holitneati,  or  Intercalary  Month.      This  Form  of  th< 
Lunar  Year  is  called  the  fixed  LunarYear;  and  it  waj 
ufed  by  the  Greeh  and  Remans 't  ill  Julius  Cafar'&  Timcj, 

14.  The  Egyptians  made  Ufe  of  the  Salar  Tearsi 
and  made  each  confift  of  365  Days,  which  wanes  d  " 
the  Tropical  7'ear,  almoft  6  Hours  ;  and  confequentJ 
the  Egyptian  Year  began  always  6  Hours  fooner  than 
iht  Tropical  Tear ;  by  which  Means  in  four  Times 
365  or  14.60  Years,  (called  the  Great  Canicular  Tear 
otSethiacal  Period)  the  Beginning  of  the  Year  moved 
through  all  the  Seafons. 

15.  Julius  Ciffar,  in  order  to  reduce  the  Gw/  or 
Political  Year  nearly  to  an  Equality  with  the  Tropica!^ 
and  conridering  that  the  Tropical  T'ear  confiftcd  of 
365  Days,  and  6  Hours  nearly,  which  exceeded  the 
Civil  Tear  by  6  Hours  each  Year,  and  confequently 
in  four  Years  exceeded  by  one  whole  Day  ;  he  or- 
dered, that  to  every  fourth  Year  there  fhould  be  one 
Day  added,  and  fo  make  it  confift  of  366  Days,  by 
which.  Means  the  Civil  and  Solar  7'ears  were  reduced 
pretty  near  to  an  Equality.  This  additional  Day  was 
put  in  the  Month  of  Februaij,  and  bccaufe  in  the 
common  Year,  the  twenty-fourth  Day  of  February 
was  called  by  the  Romans  the  fixth  of  the  Kalends  of 
March,  therefore  he  ordered  that  this  Day  fljould  hn 
added  after  the  twenty-fourth  Day  of  February,  and 
called  by  the  fame  Name ;  there  happening  every 
fourth  Year  two  Sixths  of  the  Kalends  of  March,  and 
hence  that  Year  was  called  Bijfextile  or  Leap  Tear. 
This  Way  was  ufrd  by  us  'till  the  Year  1752,  when 

^^jIkiNcw  Style  commenced. 

^^^b6.  But  the  true  Length  of  the  Year  being  565 

^^^Kj,  5  Hours,  and  49  Minutes  nearly,  and  by  the 
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JuUm  Account  365  Days  and  6  Hours  j  'tis  plain  tlie 
Ci'sjtV  Tear  exceeds  the  SoLr  by  11  Minutes  nearly, 

Confequwidy  i!  che  Sun  any  Yc.  i  enters  the  EqtiinoSiial 
on  the  twenticdi  Day  of  Manh  at  N.../n,  the  next 
Year,  he  Will  enter  the  E^uinoSfial  the  iame  Day,  ti 
Minutes  before  Noon,  the  next,  22  Minutes  before 
Noon,  and  fo  on.  Confequently  in  151  Years  the 
Solar  will  anticipate  the  Civil  Tear  by  one  whole  Day  i 
and  fo  either  Equinox  will  not  happen  always  on  the 
fame  Day  of  the  C;wV  J^'^iir,  but  be  carried  in  a  re- 
trograde Order  through  all  the  Days  of  it.  This 
put  Pope  Grci-ary  XIII.  upon  reforming  the  Julian. 
Kalendar;  for  finding  that  at  the  Time  of  tlie  Nt- 
cene  Council,  when  the  Time  of  celebrating  Fajlcr  waj 
Jnftitoced,  the  vernal  £j«/«5ji:  happened  the  twcn' 
firitDay  oi  Mdvch,  and  by  flowing  continually  b; 
wirds,  it  happened  at  his  Time,  in  the  Year  157. 
on  the  nth  Day  of  March,  anticipating  it's  forniei 
Tipie  by  10  whole  Days  ;  he  ordered  that  tlitTc 
Days  fhould  be  taken  our  of  the  Kakudar,  and  the 
nth-Day  of  March  fhould  be  reckoned  the  twenty- 
firfl:-,'  and  tc  prevent  che  Scafons  of  the  Ytar  from' 
going  any  more  backwards,  as  they  were  before,  he 
ordered  that  every  hunc^redih  Year  of  rhe  Chrijli  *~ 
('.whicli,accord!ng  to  the  yiiUsn  Kdendar  is  EiJJexti 
flioiild  be  a  commcn  Year,  and  foconfift  only  of  3! 
Days  ;  but  this  being  too  much,  therefore  every  foHp" 
hundredth  Year  was  to  remain  £ijje>:tik  or  I^np  Tear, 
But  fince  his  Time  to  the  Year  1  752,  one  Day  more 
has  been  anticipated,  which  was  the  Reafon  that  eleven 
Days  were  ordered  to  be  taken  out  of  the  Kalendar  in 
the  Month  of  Stptember  1752,  when  the  New  .Style 
commenced  in  thcfe  Kingdoms.  The  JuHim  Form 
is  called  O/f/.'/v/e,  z-aA  iht  Gregorian,  Nciv  S/yk, 

1 7.  A  KaUndar  is  a  regular  Difpofition  of  the  Days 
in  the CmV^Mr, into  Months  and  Weeks;  each  Day 
of  every  Week  being  diftlnguifhed  from  another  by 
one  of  the  tiift  feven  Letters  of  the  Alphabet,  viz.' 
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'A,  B,  C,  D,  E,  F,G.  Beginning  ai  the  firfl  of;? 
ary,  to  ic  is  annexed  the  Letter  A,  to  the  lecond  t 
Letter  B,  to  the  ihird  C,  and  fo  ontoihe  feventh,  t^l 
which  is  annexed  the  Letter  G5  and  beginning  agaiAl 
.'with  the  Letters,  to  the  eighth  is  annexed  A,  to  tht-M 
nintli  B,  to  the  tenth  C,  and  ib  on  thro'  the  reft  of  the  f 
Days  oftheYcar,  each  of  them  havingoneof  thelcLetS  [ 
ters  annexed  to  it.  Hence  'tis  plain  that  whatever  Lei;^  \ 
ter  is  placed  ngainft  any  Day  of  any  Week  ;  that  LenJ 
ter  will  be  placed  agalnft  that  Day  through  the  wholfi.B 
Year:  Thus  if  the  firft  Day  of  January^  again^l 
which  (lands  the  Letter  A,  be  a  ^'i'«w5«vi  then  all  fli^l 
Days  in  the  Kalendar  having  the  Letter  A  ftandii^'l 
againfc  them  will  be  Sundays.  Alfo  if  the  fourta  J 
Day  of  January,  agalnft  which  ftands  the  Letter  ttl 
be  a  Handay,  then  all  the  Days  in  the  Kakndar,  havCJ 
ing  D  annexed  to  them,  will  be  Sundays.  That  LettefrJl 
which  anfwersto  tht  Sundays  throughout  the  Year,  iif 
called  the  X)ct«jhk(j/ or  i'aWii)' i«/fr,  for  that  Year.  '  1 
But  fince  the  Common  Tear  confills  of  365  Days^l 
if  that  be  divided  by  fevcn,  the  Quotient  will  be  e  " 
"Weeks,  and  one  Day  over  ;  'and  Jince  if  nothing  r 
mained,  .then  whatever  Day  of  the  Week  the  Ye 
began  on-,  the  fame  Day  of  the  Week  would  be  thtfl 
firft  Day  of  each  fucceeding  Year  1  therefore  what- 1 
ever  Day  of  the  Week  any  Year  begins  on,  the  famfi  i 
Day  of  the  Week  will  be  the  laft  Day  of  the  Year  jj 
and,  confequently,  if  the  firft  Day  of  January,  l&M 
which  is  annexed  the  Letter  A,  be  Sunday,  the  laijbM 
pay  of  the  Year  will  be  Sunday,  and  the  firfl:  of  t' 
next  will  be  Monday,  and  the  firft  Sunday  of  the  Yed 
will  fall  on  the  feventh  Day,  to  which  is  annexed  r 
l^etterG,  which  therefore  will  be  the  Dominical  Let  te^\ 
all  that  Year;  and  fince  the  Year  began  on  MQndaff\ 
it  will  alio  end  on  Monday,  and  the  firft  Day  of  the! 
next  Year  will  be  1'uefday ;  confequently  the  firft 
y  will  fall  on  the  fixth  Day,  to  which  is  annei 
h  therefore  will  be  the  Dsminical Leitir  all  t 
5  Year. 


7f^ 


The  EUmmts  of  Ckrvndogy'. 
Year.  And  the  fame  Way  the Domimcul  Letter  tiicYt 
following  will  be  E,  and  for  the  next  D ;  and  in  tl 
retrograde  Order  the  Dominical  Letter  is  carried  fuc- 
ccfljvely  thro'  thcfeven,  after  which  it  begins  a^ain. 

1 8.  From  what  has  been  faid  *tis  plain,  that  if  the 
Year  confifted  of  365  Days  exactly,  after  a  Period  of 
fcven  Years,  the  fame  Day  of  each  Month  would  fall 
on  the  fame  Day  of  the  Week.  But  bccaufe  every 
fourth  Year  is  Bijfextile;  confiding  of  ^66  Days, 
which  is  equal  to  52  Weeks,  and  z  Days;  therefore 
if  that  Year  begins  on  a  Sunday^  it  will  end  on  Monday^ 
and  [he  next  will  begin  on  'Tuefdi^,  and  the  firft  Sun- 
dfff  of  that  Year  will  fall  on  the  fixth  Day  of  January^ 
to  which  is  annexed  the  Letter  F,  which  will  be  the 
Dominical  Letter  for  the  Year  following  the  Leap  Tear, 
whofe  Demimcal  Letter  was  A.  And  fincc  the  M'Jfex- 
ttie  ozLeap  ilfJir  returns  every  fourth  Year,  'tis  plain 
the  Series  oi  Dominical  Letters  will  be  interrupted,  and 
will  not  return  'til!  after  four  Times  feven,  or  twenty- 
eight  Years.  And  hence  arifcs  the  Cycle  of  twenty- 
eight  Years,  called  the  Solar  Cycle,  which  being  com* 
pleated,  the  Days  of  the  Month  return  in  the  fame 
Order  to  the  fame  Day  of  the  Week. 

19.  And  fince  in  every  Leap  Tear^  the  Intercalary 
Day  is  placed  between  the  twenty-third  and  twenty- 
fourth  Days  of  February,  and  fo  makes  two  twenty- 
fourths  of  February ;  which  in  the  Kakndar  are  efteem- 
ed  as  one  and  the  fame  Day,  and  have  the  fame  Let- 
ter affixed  to  them,  and  which  by  our  Way  of  Rec- 
koning are  called  the  twenty-fourth  and  twenty-fifth 
Days  oiFebruary-f  'tis  plain  the  Order  of  the  Daflifff;- 
calLetter  will  at  that  Time  be  interrupted,  and  the 
fucceeding  Letter  will  take  Place  ;  thus  if  in  a  Leap 
Year  the  firft  of  January  be  Sund<iy,  and  confequently 
the  Dcminicai  Letter  A  -,  the  24th  Day  of  February 
■will  fall  upon  a  Friday,  and  the  twenty-fifth  on  a  Sa~ 
turday  \  and  fince  both  thefe  Days  are  marked  in  the 
Kakndar  with  the  fame  Letter  F  j  the  following  Day, 


Utiunts  ef  Chronology. 
*rhich  is  Sunday,  will  be  marked  with  G,  which  Let-  \ 
ter  will  mark  out  all  the  Sundayj,  and  conlequently  btf  j 
ibc  Dominical  Letter,  the  remaining  Part  of  the  Year. 
And  hence  it  is,  that  every  Leap  Tear  has  two  Domini 
eal  Letters,  the  firft  of  which  fervcs  from  the  F 
ning  of  the  Year  to  the  twenty-fourth  or  twcnty-fiftK 
X>2.y  oi  February,  and  then  theother  lakes  Place,  an() 
ferves  for  the  reft  of  the  Year.  And  hence  arifcs  th^ 
Cycle  of  twenty-eight  Years,  generally  called  the  Cy-i^ 
tk  of  the  Sun  ;  and  may  be  found  by  adding  9  co  i' 
given  Year,  and  dividing  the  Sum  by  28;  for  t 
QuoiientwiU  ftiew  the  Number  of  Cycles,  ihat  havet 
elapfed  fince  the  Beginning  of  the  Chriftian  j^ra ;  antf 
the  Remainder  the  current  Year  of  the  Cycle. 

And  hence  we  have  the  following  general  Rule  foi* 
finding'the  Dominical  Letter,  according  to  the  Juliai 
Method  of  Computation.  Add  to  the  Year  it's  fourtl: 
Part,  and  4,  and  divide  that  Sum  by  7  1  if  nothing 
remains  the  Dominical  Letter  is  G,  but  if  any  I 
mainder,  ic  Ihcws  the  Letter  in  a  retrograde  Ordcr/1 
from  G  ;  or  if  it  be  fubtraftcd  from  7,  you  will  havo'l 
the  Index  of  the  Letter  from  A.    Reckoning  for  i 
Ai  for2,B;  for  3,  C  J  fc?f. 

30,  But  by  the  Reformation  of  the  Kalendar  under  I 
Pope  Gregory,  the  Order  of  the  Dominical  Letters  wa»'| 
interrupted  in  the  Gregorian  Year :  For  the  Year  1 582  jTj 
which  at  the  Beginning  had  G  for  it's  Dominical LttterZ 
by  retrenching  10  Days  after  the  fourth  of  Oilsberm, 
came  to  have  C  for  it's  Dominical  Letter ;  and  I 
having  but  one  Dominical  Letter  for  the  Year  17001 
the  Dominical  Letter  of  the  ancient  yufixn  Kalendar  ij 
four  Places  before  that  of  the  Gregorian  -,  whence  c 
find  the  Dominical  Letter  according  to  the  Gregoriai 
Tear,  or  New  Style,  we  muft  ufe  the  following  R 

Divide  the  Year  and  it's  fourth  Part  by  7, 
lllbtradl  the  Remainder  from  7,  and  you  will  have  fbi 
Index  of  the  Dominical  Letter,  as  before. 


£y/T^:, 


Example.     L,cc  it  be  required  to  find  the  Dauiiid 


Letter  for  tiie  Year 
I  add  to  the 


772. 
1  Year  it's  fourth  Part,  ■ 


IVCS 

m 


e  given  xear  its  rourtn  rart,  vtz.  44J, 
and  divide  that  Sum,  namely  2215  by  7,  and  die  Re- 
mainder is  I,  which  being  fubcraded  from  7,  iea' 
6  ;  the  Index  of  the  Letter  F. 

But  becaufe  the  Years  1800,  1900,  2100. 
2300,  i^c.  according  to  the  New  Style,  con  fill  01 
of  ^65  Days,  and  confequendy  have  but  one  Domini 
tal  Letter.,  which  according  to  the  Julian  Accouac 
would  have  had  two,  therefore  the  above  Ru!e  will 
not  find  the  Dominical  Letter  any  longer  than  tlie  Year 

•799-  ,    . 

21.  Since  the  Revolutions  of  the5««and  Aloon  are 
found  conilandy  to  be  the  fame,  the  Moon  moving 
with  about  thirteen  Times  the  Velocity  of  the  Sum 
it  follows,  that  after  a  certain  Number  of  Revolutions, 
they  muft  meet  again  in  the  fame  Point  of  the  Hea- 
vens they  did  fome  Time  before,  which  by  Metan  the 
Athmariy  was  faid  to  be  19  Years  jiifl: ;  after  the  Ex- 
piration of  which  Time,  ihew^'K'  ^nd  full  Moons  were 
fuppofed  to  happen  on  the  fame  Day  and  Time 
of  that  Day,  and  in  the  fame  Month,  they  did 
Years  before  tiiat.  This  Cycle  is  from  it's  Autb( 
called  the  Metonic  Cycle ;  aifo  'tis  called  the 
Cycle. 

22.  This  Cycle  began  i  Year  before  theCommenceT 
ment  of  the  Cbriftian  Mra,  and  confeqiiently  to  find 
what  Year  of  the  Cycle  any  Year  in  the  Chrijlian  yEra 
is  ;  we  muft  to  the  given  Year  add  i,  and  divide  the 
Sum  by  ig  ;  then  the  Qiioiietit  will  fhow  how  many, 
Cycles  have  revolved  fince  the  Commencement  of  the 
Cbrijiian  JEra,  and  the  Remainder  will  fliew  what 
Year  of  the  Cycle  the  prefcnt  Year  is  -,  if  there  be  no 


Autb^H 


Remainder,  then  the  given  Yc£ 


i  be  the  laft  or 


nineteenth  Year  of  the  Cycle.     The  Year  of  die  Cycle, 


anfweriRg  to 

determining 


.ny  given  Y 
Times 


ir,  is,  for  it's  great  Ufe  \xt 
of  the  Hf-Li."  and  fitll  Mson, 


The  Elements  of  Cbrcmh^ 
and  thereby  knowing  what  Day  of  the  Month  Eafi^l 
Day  falls  upon,  called  the  Golden  Numler  or  Prime  fpTjl 
that  Year. 

Example.  Required  the  GoUsn  Number  for  ih<t' 
Year  1772.  : 

Firfij  I  add  J  to  the  given  Year,  and  the  Sum  ia, 
1773,  this  divided  by  19,  gives  93  for  the  Quotient, 
and  6  for  the  Remainder  -,  which  ihows  that  there  ■ 
has  revolved  ^^  compleat  Lunar  Cycles  fince  the  firft. 
Year  of  that  Cycle  in  which  the  Chriftian  .'Era  com- 
menced, and  that  the  given  Year  is  the  6ch  Year  of 
the  current  Cycle,  conlequer.tly  6  is  the  Prime  or 
Colden  Number  for  the  Year  1772. 

23.  It  has  been  ftiewn,  at  Art.  13.  of  this,  that 
the  Solar  Tear  exceeds  the  Lunar  by  1 1  Days  nearly  1 
confequently  if  the  Moon  be  neviT,  or  in  Conjunition 
with  the  Sun,  on  the  laft  Day,  or  thirty-firft  of  De- 
tembcr  in  any  Year,  on  the  laft  Day  of  the  next  Year 
it  will  be  1 1  Days  part  Conjunction,  and  on  the  lalt 
Day  of  the  following  Year  it  will  be  22  Days  after 
new  Moon;  but  becaufe  in  the  fucceeding  Year  this- 
amounts  to  33  Days,  and  30  Days  being  allowed  for 
a  compleat  Moon ;  'tis  plain,  in  that  Year  there 
will  have  happened  13  Conjundlions,  and  the  MootJ 
will  be  3  Days  paft  Change  on  the  laft  Day  of  it  i 
confequenily  on  the  laft  Day  of  the  next  Year  the 
Moon  will  be  14  Days  paft  the  Conjunition,  and  fo 
continually  incrciifing  by  eleven  Days  yearly,  'till  after 
the  End  of  1 9  Years  it  will  become  the  fame  as  before. 
The  Age  of  the  Moon,  or  Number  of  Days  paft 
fince  the  Conjunftioh,  on  the  laft.  Day  of  any  Year, 
is  called  the  Epa£^  for  the  fucceeding  Year. 

24-  Now  fince  the  Epa^  for  the  firft  Year  of 
the  Liifsar  Cycle  was  11,  the  EpaJi  for  the  Second 
will  be  22,  for  the  Third  3,  for  the  Fourth  i+,  for 
the  Fifth  25,  and  fo  on  conftantly  increafing  by  1 1  ; 
it  follows  that  to  find  the  Epafl  for  any  Year,  we 
mutt  multiply  the  Gclikn  Numberfor  that  Year  by  1 1, 

anii 


T'&e  Elements  ofcmnoto^. 
■and  divide  the  Produft  by  30,  and  tKe  Quotient,  if^l 
there  be  any,  will  Ihew  how  many  EtnhoUmean  or  /»^ 
tercalary  Months  have  happened  fince  the  firfl:  Ycai" 
of  the  current  Cyck^  and  the  Remainder  will  be  the 
Epa£l  for  the  given  Year ;  or  will  fliew  how  many 
Days  have  elapfed  between  the  laftDayof  the  former 
Year,  and  the  immediately  precedingConjunftion. 

But  the  Epaft  thus  found  will  be  that  for  the  Ju- 
lian  Year  j  and  therefore  to  find  the  Gregorian  Epaft, 
or  that  of  the  New  Style,  we  muO-  fubtraft  from  the 
yuUan  Epa£t,  the  Number  of  Days  it  has  anricipated 
(Art.  16.)  and  the  Rcnuinder  will  be  the  Gregorian 
Epad  required. 

Example.  Required  the  Gregorian  Epad  for  the 
Year  1772.  1" 

Firji,  I  find  i^e  Julian  Epaft  6  for  the  Year  17723 
towhich  add^o  we  have  36,  from  this  I  fubtraft  li? 
the  Number  of  Days  anticipated,  and  the  Remainder 
25,  is  the  Epa£l,  or  Age  of  the  Moon  the  laftDay  of 
December  1772  required,  Note^  aftcrtheYcar  1800, 
the  yH^'flB  Account  will  have  anticipated  12  Days,  and 
coniequently  1 2  mu(t  be  fubtra^ed  from  the  JkUm  4 
Epa£l.  ■ 

25.  Since  by  An.  23.  the  EpaEl  for  any  Year 
Ihews  the  Age  of  the  Moon  on  the  lafl  Day  of 
the  preceding  Year,  therefore,  if  to  the  Epa^  we 
add  I,  the  Sum  will  be  the  Age  of  the  Mcea  thft 
firft  Day  of  that  Year  1  but  becaufc  the  Synodtcel 
Month,  or  Time  between  any  two  immediate  Con- 
jundions,  is  equal  10  29  Days  and  an  Half,  and 
January  containing  31  Days  \  therefore  if  to  the 
Age  of  the  Moon  on  the  firft  of  January  be  add- 
ed i  i  or  (to  avoid  Fractions)  2  Days,  the  Sum 
will  be  the  Age  of  the  Moon  on  the  firft  of  Fe- 
bruary i  and  Decaufe  in  common  Years  the  Day* 
in  January  and  February  taken  together  make  59, 
which  is  exactly  equal  to  t^o  entire  Lunations, 
therefore  the  Age  of  the  Moon  on  the  firft  of 
January 
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Jamary  will  be  the  fame  with  it's  Age  on  the 
firft  of  Afcr^i&,  and  confcqucntly  to  it's  Age  on  the  ' 
Br&  of  Januaryt  there  is  nothing  added,  in  commori 
Years,  for  it's  Age  on  the  firfl:  of  March ;  but  in  Leap 
Tear:s  the  Sum  of  the  Days  in  January  dindi  February 
being  60,  which  is  more  than  two  entire  Lunations  by 
I  Day,  it  is  evident  that  in  this  Cafe,  we  muft  add  i 
Day  to  the  Mopnh  Age  on  the  firft  of  January^  and 
the  Sum  will  be  it*s  Age  on  the  firft  oi  March.  And 
by  the  fame  Way  of  Rcafonlng  it  will  appear,  that 
to  find  the  Age  of  the  Moon  on  the  firft  Day  of  any 
Month,  we  niuft  add  to  ic^s  Age  on  the  firft  of  Ja- 
Huary  the  following  Numbers,  viz.  for  February  2,  for 
March  o,  in  common  Years,  and  i  in  Leap  Years, 
for  April  2,  for  May  3,  for  June  4,  for  July  5,  for 
jiuguji  6,  for  September  8,  for  OSlober  g,  for  Isovem- 
her  10,  and  for  December  10.  Thefe  additional  Num- 
bers  are  called  the  Numbers  of  the  Months.    , 

,  2$.  From  what  has  been  faid  in  the  two  lau  Arti-^' 
'  ties;  there  naturally  follows  this  Rule  for  finding  thcr 
'Age  of  tbi  Moon  on  any  Day  of  a  given  Year,  viz. 
Td  k]\t  EpdSi  for  the  given  Year,  add  the  Day  of  the 
MdritH  and  Number  of  the  Month,  and  if  the  Sum 
be  left  than  ^o  it  is  the  Age  of  the  Moon  required  < 
but  if  it  excjbed  30  then  take  30  from  it,  and  the  Re- 
mainder i^  the  Moor^^  Age. 

Example.  Required  the  Moon^s  Age  on  the  23d  Day 
of  Jkfoy  1770.  .... 

Firji^  hy  Art.  iJ^.  I  find  the  EpaSi  for  that  Year  ta 
be  3,  to  which  adding  23  the  Day  of  thfc  given  Month 
and  3  the  Number  of  ir,  the  Sum  is  29,  the  Mo$tfi 
Age  oh  the  given  Day. 

27.  Sipce  the  Moon  takes  30  Days  from  one  (Jon* 
junftion  with  the  Sun  to  the  next  following,  'ti.9  plain 
fhc  muft  be  15  Days  old  v/hen  FulU  and  7  \  when  in 
the  firft  garter ;  and  224.  Days  old  when  in  the  l.afl: 
Sgarter.    Confcqucntly  to  find  in  any  'Month  of  i 

K  given 


I 


If  to"  vWE^u^FIfWrm^.  1 

k  given  Year  the  Day  of  the  Moon's  Cbatlge,  and  wfen 

j  F«//,  and  wiitn  in  either  ^wrw,  we  have  thisRule^ 

I  'Viz.  AfUwTie  any  Day  of  that  Month  at  PIcafurc,  an* 

,  ,by  the  hit  Jri.  fifld  the  Age  of  the  Af/jsx  orr  thai, 

['Day ;  then  if  it  be  15  the  AIoch  will  be  full  that  Day, 

'and  counting  7  -I- Days  backwards  and  forwards  fiwir 

that  Day,  you'll  have  the  limes  of  the  firlland  lalfc. 

©uanerSt  and  by  counting  backwards  and  forwards 

trom  it  15  Days,  you'll  have  iht  Times  of  the-  la(t 

»nd  nExt  Changs.     But  if  the  Age  of  the  Mo0t  be 

[  greater  than  15,  then  take' 15  froro  k,  and  tlte  Re-, 

I  mainder  will  ihew  how  many  Days  have  run  fince  Uit 

[  lull  Mean.    So  counting  thole  ba,:kward5  you'll  have- 

'    the  Day  llie  tart  Pall  Maon  happened  on;    and  bjf- 

I   knowing  titat,    we  can  find  the  Days  of  the  Cbar^ 

and  either  ^i7r;fr  as  before,     jilgain,  if  the  Age  of 

f  the  Mecn  on  the  affumed  Day  be  lels  than  15,  rheft; 

take  that  from  1  z^,  and  ttie  Remainder  will  fticw  ho* 

[  many  Days  are  to  run  'till  the  next  Full  Mem -^  ao(t 

therefore  counting  fo  many  forwards,  you  wiit  bave 

the  Day  of  the  Full  Mao?:,  by  which  you  may  HoA 

the  Days  of  the  Cha>!ge  and  cither  ^arlir  as  above,      . 

'       Excmplc.    Required  the  Times  oi FullMoon^  Iferv 

Mse)),  and  firft  and  laft  S^^ariers  in  O^uhr  1770. 

Firjl,  I  aQUmc  any  Day  at  Pkafore,  fuppofe  the 
feventh  of  that  Montii ;  then  by  the  lafl:  An.  I  find 
tSe  Moon's  Age  on  that  Day  to  be  18  Days,  from 
•fc'hich  taking  ts  there  remains  3,  thcNiimber  of  Days 
iince  the  lail  Full  Moon  \  therefore  counting  fo  many 
Pays  "backwards,  I  find  the  Full  Men  happens  on  the 
Jfcinth  Day  QUO^tkt,  and  counting  7  4  Days  forwards 
irom  that,  I  find  th^t  the  kit  ^carter  happens  on  the 
_elev,^nt?i:Day  i  then  from  the  fourth  Day,  on  which 
tW  Fu^l'Msim  happens,  counting  15  Days  forwards,  ! 
4^d  tha't  the  Change  falis  on  ih::  1 9th  Day,  antj  reck- 
Qhing  17  iJJays  forward  iVom  chat,  1  find  that  tlw 
(lit  ^dttsriAiiii  on  the  twcmj^jiife  Day.  ■  , 

6  aS.WliCft 
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,  aS.  "When  the  Afyon  is  in  Cg»ju»3kn  with  the  ' 
SuK,  then  they  both  come  to  the  Meridian  at  the 
fame  Time;  but  the  Mooh  moving  iiill  Eafterly 
with  a  Velocity  much  greater  than  that  of  the  Sttriy' 
'tis  evident  that  when  the  Sun  comes  on  the  Meri^ 
dian  the  next  Day,  the  Moon  will  be  on  the  Eaft  Side' 
of  it,  and  conlequently  cannot  be  on  the  Men-' 
dian  'till  fome  Time  after  the  Sun;  and  bccaufe  (he 
compleats  her  Revolution  in  30  Days,  therefore  in' 
that  Period,  theDiffertnceof  Time  between  the  5iw 
rnvd  Mson'%  being  on  the  Meridian  will  run  through 
the  whole  24  Hours  :  And  hence  by  obl'erving  any 
Day  how  long  Time  the  Moon  takes  to  be  upofl'' 
the  Meridian  after  the  Sun,  we  may  by  this  find' 
the  Age  of  the  Moon  that  Day,  miking  the  foU 
lowing  Proportion,  viz.  As  24  Hours,  the  whole 
Difference  of  Time,  is  to  30  Days,  the  whole 
Number  of  Days  from  Change  to  Change,  So  is  thC' 
oblerved  Difference  of  Tinle  on  any  Day,  to  the 
Days  nn  fince  the  hii  Cban^e,  oc  the  Age  of  the* 
A^n  at  that  Time. 

Exampk.  Suppofe  on  any  Day  the  Moan  is  ob-' 
ferved  to  be  upon  the  Meridian  5  Hours  after  the' 
Sun\  Required  the  Age  of  the  Mjs»  at  that  Time, 
IVfake  it,  as  24  is  to  30,  fo  is  5  to  6  ^J.  5  confcquent- 
!y  the  Moon  is  6  ^  Days  old  at  the  Time  of  Obferva- 
tion. 

29.  The  Moan  moving  round  her  Orbit,  of  360 
Degrees,  in  jo  Days,  fiie  muft  move  12  Degrees 
in  1  Day;  but  fince  her  Motion  is  from  Weft  t 
Eaft,  and  any  Heavenly  Body,  15  Degrees  to  thrf 
Eaftward  of  another,  being  i  Hour  later  in  coming 
Ki  the  Meridian  than  th:it  other;  therefore  making 
it  as  1 5  Degrees  is  to  one  Hour,  fo  is  1 2  Degrees  to 
4  of  an  Hwur,  or  48  Minutes  •,  we  find  that  the- 
iWiaa  u  aiways  48  Minutes  later  of  coming  to  the 
Meridian  any  Day.  than  flie  was  the  Day  bef^r/ 1 
-tfid  becaufe  ftie  ■ 
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ilemMls  of  CMofieiDgf. ' 
Time  with  the  Sun  on  the  Day  of  her  thang^i 
therefore  to  find  her  Southing,  or  Time  of  her  com'-- 
ing  on  the  Meridian,  any  Day,  we  muft  firft  find 
her  Age  (by  Jrl.  z&.)  for  that  Day,  then  this  mul- 
tiplied by  48,  will  give  the  Minutes  of  Difference 
of  Time  between  the  Sun  and  Moon's  coming  on  ihi^ 
Meridian ;  which,  divided  by  60,  will  fiiew  hoV 
many  Hours  and  IVIinuces  the  Mccn  is  later  of  coming 
on  the  Meridian  than  the  Sun;  and  counting  ftt 
many  forward  from  twelve  of  the  Day,  we  have 
the  Time  of  the  Maoris  Southing.  If  the  Hoilrs  and 
Minutes  found  as  above  be  Icfs  than  12,  theh  thaf 
will  be  the  Time  of  the  Mosif?,  Soulh'mg  after  No'oni 
but  if  greater  than  12,  then  take  12  from  them,  ario 
the  Remainder  will  be  the  Time  of  the  Moen's  Seulh- 
ing  in  the  Mormng. 

Exmnfle.  Required  the  Time  df  the  Moon\  Soul5~ 
itigon  thei7th  ofOSoier  lyjo. 

Firft,  (By  Art.  26.)  I  find  the  Age  of  the  Moe^- 
that  Day  to  be  a8  Days,  which  multiplied  by  4$ 
gives  1344  Minutes,  for  the  Difference  of  Time  be- 
tween the  Sun  and  Maoris  coming  to  the  Meridian 
that  Day;  and  this  divided  by  60  gives  22  Hours 
and  24  Minutes ;  which  being  more  tliAn  12  Houts, 
fubtraQ:  12,  the  Remainder  is  the  Time  of  theAfoc»'i 
Soulbing  in  (lie  Morning. 

Example  1.  Required  the  Time  of  the  Moor^a 
Southing  the  7th  Day  of  May  1 770. 

Firji^  (By  Art.  26.)  I  find  the  Mion's  Age  to  be 
I3  Days,  which  multiplied  by  48  gives  622  Mi- 
nutes, the  Difference  of  Time  between  the  Sun  and 
T'/Ioon's.  being  on  the  Meridian  that  Day,  and  this 
reduced  makes  10  Hours  and  22  Minute?  j  this 
fliews  that  on  the  7th  of  A/fly  1770,  the  A/oofl  comci 
on  the  Meridian  at  42  Minutes  paft  10  at  Night. 

30.  It  was  faid  at  Art.  20.  of  this,  that  the  firft 
Tcsr  of  tlic  Solar  Cycle  was  Leaf  Ttori  coiiftquently 

th» 


the  fifth  mutfc  be  Lefip  Tear,  and  the  ninth  muft  alio 
be  Leap  Tear  \  but  the  Chrifiian  /Era  commencing  on 
the  tench  Year  of  the  Sdur  Cyde^  therefore  die  firft 
Year  of  that  was  tlie  firft  after  Zdap  2>«r,  and  the 
fourth  was  Ltap  Tear,  alfo  the  eighth,  twelfth,  fix- 
tcenth,  £fff.  were  Leap  Tsars  ;  whence  lo  find  whe» 
ther  any  propofed  Year  of  the  Cbrifiian  Mm  be  Leap 
Tcsr^  or  how  many  it  is  pafl;  the  iaft  Leap  Tiar ;  wc 
mull  divide  the  propofed  Year  by  4,  and  if  nothing 
rcmsiin,  then  the  propofed  Year  is  Leap  Tear ;  but  if 
any  Thing  remain,  that  will  [hew  how  many  Yeara 
have  paft  f-nce  laft  Leap  Tear.  But  remember,  that 
in  the  New  Style,  the  Years  1800,  igoo,  2100,  £3"?, 
pre  reckoned  as,  common  Years,  whereas  by  the  above 
Method  of  Computation  they  would  be  Leap  Tears. 

Example.  Required  whctlier  the  Year  1 770  be  LetA 
Teary  or  how  many  fince  laft  Leap  2~ear. 

I  divide  the  propofed  Year  1770  by  4,  and  t 
remains  2,  fo  I  conclude  that  the  Year  17^0  is  the 
fecond  Ainr  Leap  Tear. 

31.  It  has  been  Iliewn  zt  Jri.  17,  of  this,  that 
to  every  Day  of  the  Year  there  is  annexed  one  of  the 
iirfl;  feven  Letters  of  the  Alphabet,  beginning  with 
A,  which  is  always  annexed  to  the  firft  of  January, 
^nd  in  any  common  Year,  the  Letter  annexed  to  the 
Brft  Sunday  in  January  is  called  the  Domniical  Letter 
for  that  Year ;  but  each  Leap  Tear  having  two  Domi- 
nical Letters  (by  Jrt.  19. J  the  firft  of  which  fervei 
from  the  Beginning  ot  the  Year  to  the  twenty- 
fuurtii  or  twenty-fifth  of  February,  and  the  other  for 
..the  reft  of  the  Year ;  confequencly  the  Dcaiimcal  Let- 
Jer  for  any  common  Year,  will  ftiew  what  Day  of 
January  the  firft  Sundsty  of  that  Year  happens  upon, 
^teckoning  from  A  (which  is  annexed  to  the  firft  of 
'January]  according  to  the  natural  Order  of  the  Let- 
Acjs,  and  in  any  Leap  2'ear  the  firft  of  it's  two  Domi- 
^ffical  Letters  will  ftiew  what  Day  of  January  the  firft 
^nday  of  that  Year  fails  on,  cQunling,from  A,  -- 
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above;  thus  in  chc  Year  1770  the  Doritinksl  Leftta 
is  G,  fo  counting  from  A,  inz.  making  A  t,  B-  »fl 
C3,  D  4,  E5,  F  6,  3Jid  G  7,  1  find  chat  the  Orft 
iuvday  of  that  Year  falls  on  the  feventh  Day  of  J(M(»- 
axy;  and  by  knov^ing  what  Day  oi  Jar-maj -thz  'firft 
SuKtiay  of  any  Year  fsils  on,  we  may  know  wU«  Daf 
of  the  Week  the  iirft  D-ay  of  that  Year  falls  upon,  by 
counting  fo  many  Days  back  from  Smiiay  ■,  .thus, 
fined  in  the  Y'car  1770,  the  firft  i'HKffi?)' falls  upon  the 
feventh  of  Jammy  -,  ihetefore  the  firft  will  be  Afra- 
dt^-i  confequencly  the  Y'ear  1770  Ijegins  upon  Mon- 
jtay.  From  what  has  been  faid,  thtre  arifeth  the  fol- 
lowing Rule  for  finding  what  Day  of  the  Week  any 
Day  of  a  given  Year  talis  upon,  'viz.  Find  the  Day  of 
the  Week  anfwering  to  the  firft  of  Jmuary  that 
•year  i  then  add  together  the  Days  contained  in  eack 
Month  from  rht;  Beginning  of  the  Year  to  ihe  Month 
in  wliich  the  propofed  Day  is,  and  to  thh  add  the 
Day  of  the  given  Month  :  Lafily,  Divide  this  Sum  by 
7,  and  if  nuching  remain,  then  the  Daycf  i;he  Wetk^ 
preceding  that  Day  wi»ich  anfwers  to  the  firft  of  7*- 
nuary  that  Year,  is  the  Day  anfwering  to  the  propofed 
Day  ;  but  if  any  Thing  remain,  then  counting  & 
many  forward  (beginning  with  that  Day  the  Iirft: 
of  Jaiiuery  falls  on)  we  ftiall  have  the  Day  of  the  ■ 
V/cdt  the  propofed  Day  falls  upon.  Nele.,  The 
Days  contained  in  each  Month,  are  as  follow,  viz. 
^anuery  gl,  Felruary  aS  in  common  Years,  and  2^ 
in  Leap  Tears,  March  31,  AprU  30,  May  31,  June 
go,  yuly  31,  Jiiguft  31,  September  30,  OSsier  gi-, 
NovmSer  ^o,  Decemier^i. 

Example.  Required  what  Day  of  the  Week  ih( 
iighth  oijuly  1770  falls  upon. 

Firfi,  By  the  preceding  Rule  in  this  _^r;;V/,?,  I  find 
that  chc  firft  of  January  1770  falls  upon  a  ]\fynday; 
tlien  to  the  Sum  oi' 31,  28,31,30,31,30,  anfwer- 
ing to  the  elapfed  Months,  I  add  S  the  Day  of  the 
^ivcn  Month}  and  their  Sum  189  I  divide  by  ^,  and 


(is  there  is  no  Remainder,  I  conclude  that  the  etghcii 
of  yufy  1 770  fulls  upon  a  Sunday. 

Plxampk  2.  Rftjiiircd  what  Day  of  the  Week  the 
twenty-firit  of  March  1770  falls  upon. 

By  proceeding  as  in  lae  lafl:  Exannple,  I  find  after 
Dtvifion  ttwt  5  reTjiains,  and  the  Year  beginning  upon 
a  Monday,  tiicrefure  counring  Alsnday  i,  Tuefday  2, 
ami  Pf^dnefday  ,3,  I  fiiiU  that  the  propoled  Day  falls 
4ipon  Wednejday. 

52.  According  to  the  Decree  of  the  Nicene  Council 
^which  is  followed  by  the  Church  of  £a^/««i/J  the  Sun- 
day after  the  fourteenth  Day  of  that  Mecn  which  hap 
:pens  upon  or  af^er  the  twenty-firft  of  March,  i,  e. 
after  rfie  Commeflcement  of  the  twenty-firit  of  A^arcb^ 
■is  Eafitr-Sicnday.  And  fince  the  fourteenth  Day  of 
thai  Mocfty  or  itie  Pitfehal  hull  Moon,  can  never  liappen 
■before  the  tiventy-firlV  oi  Marth,  nor  after  the  eight- 
■eenth  ef ///)ri/;  therefore  Eafier-Day  an  never  hap- 
pen fooner  than  the  twcnry-fecond  of  M«rf)&,  nor  later 
than  thetwency-fifch  cA  April.  Nowto  tind  what  Day 
x^  Msrcb  or  jAprii  Eafier-Day  falls  upon  in  any  Year^ 
vc  have,  front  the  foregoing  Articles,  the  following 
■Rule,  tHz.  Firji  (by  .4ri.  26.)  find  the  J^ge  of  th^ 
iMsott  on  the  twenty-firft  of  March  that  Year,  and  if 
it  be  14,  then  by  the  latl  Anide  find  the  Day  of  the 
Week  anfwering  to  it,  and  the  Sunday  following  is 
£a0er-De^;  but  if  the  Moon's  Age  on  the  twenty- 
firll  of  March  be  not  14,  then  reckon  forward  to  the 
D^y  in  which  her  Age  is  14,  and  by  the  laft  Article, 
find  the  Day  of  the  Week  anfwering  to  that  Day,  and 
■rcctoning  forward  to  the  next  Sunday,  we  ihall  have 
die  Day  required. 

Example.  Required  when  Eafter-Day  happens  in  the 
Year  1770. 

Firfiy  I  End  (by  Art.  a6.)  that  the  Age  of  the 

Moon  on  the  twenty-firit  of  March  1770  i*  24,  con- 

■fcquently  counting  19  forward,  I  find  that  the  14th 

■Day  Ot'the  A/cow,  oi  the  Pa/c&al  Full  Moon,  li^pens 
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On  the  eleventh  Day  of  Aprils  then  (by  Art.  gi.) 
i  find  that  the  ekventh  of  April  1 770,  is  Pf-'ednefaaf  \ 
therefore  counting  forwards  to  the  next  Sunday,  whicH 
is  Edjler-Day^  I  find  it  happens  on  the  15th  of  April. 
J^ote,  In  Leap-Tear],  inftead  of  the  twenty-firft  of 
March,  you  muft  ufe  the  twentieth  ;  bccaiife  in  ihefc 
Years  February  is  incroafcd  by  i  D.iy. 
■  33.  From  the  Cycles  of  the  SftW  and  Moen  (ex- 
plained in  Art.  iS.  and  21.)  mulriplied  into  one  ano- 
tber,  there  arifes  another  Cycle  of  53^  Years,  called 
"the  ViSon'an  or  Dio7r.Jian'  Cycle,  from  Dioir/fius  it's 
'Author-,  after  the  cofTipleating  of  which,  not  Only 
'the  Ne'.v  Moons  and  Full  MooAs  rctum  to  the  fatiic 
ly^y  of  the  Month  nearly  i  but  iikewife  the  Days  6f 
every  Month  return  to  the  fame  Days  cf  the  Weetcj 
-'and'  confequenily  the  ZtomMical  Lei:crsy  and  all  the 
Mci'Citbk  Feofi-s^  return  in  the  Time  Order:  Whericc 
■  this  Cvv/fis  called'  Th  Great  Pakhd  Cycle.  Now, 
t^ufe  the  Chrijliau'  Myr  commenced  on  the  4571 
Year  of  rhe  Cyde  ■,  therefore  to  find  the  Year  of  tl ,,. 
■^tomfidk  Pei'tod  for  any  Year  of  the  Cljrijiisn  MrOi 
■wc' Have-  the  following  Rule,  viz.  To  the  current 
Year  of  Ae  Ci&rjfff*!!  ^ZTm,  add  457,  and  divide  the 
Stim  by'532-,  then  tJie  Qi^iotient  will  fhew  how  many 
Pericds  Have  paft  fince  the  Beginning  of  that  in  whicri 
the  Ckytp.i^n  Mra  commenced,    dnd  the  Remainder 

''■will,  ftictv'  tile  JEra  of  the  Dkmfiun  Period  anfwering 
*t6  t'hc^  given  Year.    ' 

.''''' -'Ei-anrp ft.  Required  the  Year  of  the  DisnyJfeK  Pe- 
'>TJz/ifor  the  Year  of  fSir.-/?  1770.  ■    >■.■ 

'"  Frr/,  !'-at!ti  to  1770'thK  Norober  4^7,  and  thd 
Sum  is  2227;  then  I  divide  this  by  5'^^-,  and  th* 
Quotient  is  4,  and  RciTiaindtroi/;  conltqiienrjy  there 
lias-  paft  4  Z)retfv/rt»  Periods  firicc  the  Beginning  of" 

'that  in  Wnich  thtr  Chrijiim  ^ra  conimencf^,  and  the 
given  Year  is  (he  9gt!i  of  the  Cnrreni  Cycle. 

"  ■  34.  Befides  the  Cycles  of  the  Sun  and  MaoJt,  there 
h  another  Cyck  oonlifting  of  tf  Years,   called  tbe 


Cycle  z£  hidiSiion.,  which  hath  no  Connetftion  with  the 
jCeleftial  Motions,  and  which  was  made  iifc  of  by  the 
Remans  for  Ibme  Gvii  Purpofes,  and  is  itill  ufed  by 
ixht'. Popes- ef  lUrae  in  their  BuUs  and  Diplomas.  The 
Year  before  the.hirlb  of  Cbriji  was  the  third  Year  of 
j\\lixC(/cl3;  and  confcquenily  to  find  the  Yearof  ijw/if- 
.tian  for  any  Year  in  the  Chriftian  Mra^  we  have  thJs 
Rulc,"^/E.  to  the  given  Year  add  3,  and  divide  the 
Sum  by  15,  then  it  there  be  no  Remainder,  the  given 
Year  is  the  fifteenth  of  the  IndiUion  j  but  if  there  b« 
any  Keniainder,  that  will  ihcw  what  Year  of  the  In- 
dttlion  the  given  Y'ear  is  ;,  and  the  Qiiotient  will  fliew 
how  many  connpleat  Cyds:  of  IndiSlion  has  pafl;  fince 
the  firlt  Year  of  that  in  which  the  Cbrijiian  Mra  com- 
pipnced, 

Example.    Required  the  Year  of  Indi^ion  for  tlie 
Year  1770  of  the  Chrijlian  j€ra. 

Ftrjly  [  add  3  to  the  given  Year,  and  the  Sum  is 
17731  then  t  divide  this  Sum  by  15,  and  the  Quo- 
tient is  118,  and  Remainder  3.  Conlequently  there 
has  been  1 1 S  compleai  Cycles  0/  IndiBidn  from  the  firft 
.  Y'ear  of  that  in  which  the  Chrijlian  Mra  commenced, 
and  the  Year  1770  is  the  3d  Year  oi  IndiSion. 
-•  ,  35.  From  the  Multiplication  of  the  three  Cycles^ 
^Vfz.  the  Solm-  of  28  Years,  the  Lunar  of  19,  and 
rthat  of  Indiiiion  of  15,  arifes  a  Period  of  7980  Years, 
called  the  Great  Julian  Period.  This  is  luppofed  to 
have  begun  764  Years  before  the  Crealies  of  the  IVerU, 
and  is  not  yet  compleated  ;  confcquently  it  mufl:  com- 
prehend all  the  Aftiofis  that  have  happened  from 
the  Beginning  of  the  World ;  and  fince  the  Year  be- 
fore CbriJI  was  the  47 1 3  th  Year  of  this  Period,  there- 
fore to  find  what  Year  of  the  Julian  Period  any  cur- 
rent Year  is,  we  muij:  to  the  given  Year  of  Cbriji  add 
47 1 3,  and  the  Sunj  will  be  the  required  Year  of  the 
Julian  Period. 

Example.  Required  v/hatYeat  of  the  Julian  Period 
jnfwers  to  the  current  Year  of  Cbriji,  1770. 

To 


Ths  Ek^gnfs  of  CUnvnolegy. 

-To  llie  given  Year  1770,  I  add  4713,  and  die 
Sura  64S3  Ihews  that  'the  current  Yeiw  of  CAnft 
«770,  is  the  6+831.1  Year  oi  thtJuHioi  Period.  . 

g6.  As  in  the  Heavens  there  are  certain  PoinB 
from  which  .-^roKoiwrj  begin  their  Computations,  fi>" 
■iik-ewifc  ihtre  are  oercfl-in  Points  6i  Time  from  which, 
"as  /fooKf,  Chroncbgk^  Compulations  begin;  ami  all 
memorable  Actions  -are  recordeil  by  Hifimanj  accofd- 
'ing  10  the  Series  of  Years  following  tbeie  Roou,  or 
ffcted  Points  of  Time,  which  are  called  Epoctas,  or 
y^ras-  The  moft  cekbiatcd  and  befl;  known  to  us, 
■is  the  Chriftiar.  Mrn,  which  commanced  on  the  fifft 
xsijanuery,  imnicdiately  following  the  Birih  of  C^r/tf. 

37.  The  inoft  ancient  £pjc»?'fl-ii^hat  of  the  Croa- 
tion  of  the  World,  which  commenced  3950  Yeats 
^fore  Cbrifl.  The  "neW  co  this  is  thic  of  the  Dehge^ 
which  began  2956  Ycare  boforeO&i'jB.  Then  follows 
■\ht-Epoifhn  of  tilc  Oi^titpiiids,  which  rvas  the  moft  an- 
cient and  fameas  Efotlm arnongthc Greaki^  and  other 
£fljferv  ■Natfffs\  'Ciich  Olympiad  contained  4  Years, 
-anti  t^eyhaS  their  Rile  from  certain  Games  that  wene 
"celcbraKd  %  *he  Grte-ims  ewery  fourth  Year,  in 
l^onoui'tif^piierXjfympiuSy  which  were  called  >0/y«i- 
J^i  GrtWM;  The  Beginning  of  tlvrs  F^eeia  is  fup- 
-pcried  CO  'have  'betn  in  the  777th  Year  before  iCirj]?, 
and  in  (he  sp^t^^h  Y-efir  of  xhe  yuHan  -Period.  The 
'liext  Epccha  is  tJiat  of  tlic  fiuildingof  -Ksme,  whtdi 
■began  aljQuc  the  End  of  the  third  Year  of  the  Sixth 
Ofympiad,  754  Years  before  Cbrl^  ^nd  in  che  3059^1 
'Tiear'ofthe5^/;rtw  Pm-od.  Then  ftdlowis  thc.Sraqf 
TJabBfiaJfar,'  King  of  Hidybn^  frc>m  cite  Beginning  of 
■whoft:  ^leign  it 'commenced.  This  jErn  ia  fanmias 
among  i^renemsrs.,  being  nrade  ule  «f  by  'Pjo!tr^\ 
Atbtttcpms,  5rc.  as  a  proper  Mra  for  computing  the 
MorioTWofthe  CcleftittlBodi«  from.  It  began,  acr 
cording  to  Ptolemy.,  on  the  fourth  of  the  Kalends  of 
MBrth,  747  Years  Ijefore  Cbrijl,  in  cht  3966th  Year 
Dt  the  Juiien  ftfwi,  and  in  the  fcvcDili  Year  after 
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fbe  Elements  tf  Obrvmbgy^  Sf^ljf 

iS»t  Suilding  of  M^me^  and  io  the  fecond  Y^r  of  the 
eighth  Ofymjnud.  The  next  k  the  Epocba  of  AleKa9h 
4er4be Create  whfdh  commenGedat  hrs  Death;  and 
this  happened  about  the  Middle  xJ(  the  Spring,  in  the 
iirft  Year  of  the  ii4t?h  Olympiad^  324  Years  before 
Cbrift^  in  the  4390th  Ye^  of  tihe  J^uUan  Periods  and  in 
tbe  424th  Year  <i>f  the  ^/45rtf  of  Nabonaffar.  There  arc 
federal  other  Epodhas  befides  Acfe  ah-eady  mentioned) 
of  Ids  Note,  which  I  fliall  pafs  orer,  it  not  being  the 
Peiign  here  to  give  aparticular  De!fcriptton  of  all  the 
EpGcbas  and  their  feveral  Ufes,  but  only  to  give  a  ge- 
Bcral  Account  of  the  moft  remarkable  among  them. 

38.  Since  by  the  RoC4Kion  of  iht-EarPb  about  it's 
Axis,  the  Moon  appears  to  move  quite  round  from 
Eaft  to  fFeft  in  24  Hours ;  therefore  in  that  Time  (he 
muft  pafs  over  all  the  Points  in  the  Compafs,  and  fo 
mull  move  from  one  Point  to  the  next  fucceeding  in 
45  Minutes.  Confequcntly  in-moving  from  the  Nortb 
Point  to  the  Souib  fhe  muft  take  1 2  Hours,  and  from 
the  Nortb  to  the  N  ^  E,  or  from'  the  Soutb  to  the 
S  b  W,  45  Minutes ;  alfo  from  the  Nortb  to  the 
N  N  E,  or  from  the  Soutb  to  S  S  W,  i  Hour  30 
^inutes  ;  and  io  on,  as  in  the  following  Table. 


Points, 


N 

N^E 

NNE 

NE^N 

NE 

NE^E 

ENE 

EiN 

E 

E^S 

ESE 

SE^E 

SE 

SE^S 

SSE 

S^E 


>y 


m 


w* 


12 

>9 

00 

0 

97 

45 

I 

9> 

30 

2 

99 

15 

3 

1> 

00 

3 

»> 

45 

4 

>f 

30 

i 

» 

J5 

6 

ft 

00 

6 

1> 

45 

7 

99 

30 

8 

99 

15 

9 

99 

00 

9 

99 

45 

10 

99 

30 

II 

99 

»5 

Points. 


ssw 

SWBS 

s  w 

sw^w 

ws  w 

w 

WNW 
NW^W 

N  W 

NW^N 

NN  W 
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}^  ^he  Elments  of  Chrmh^. 

•  39.  The  Flux  and  Refluxy  or  Ebbing  and  Flowing 
of  the  Seas,  do  conftantJy  refpcfl;  the  Motion  of 
the  Moon ;  and  in  tvexy  Place  when  the  Moon  is  oh  a 
certain  Poipt  o{  the  Ccmpa/s^  or  at  a  certain  Diftancc 
from  'the  Meridian;  it  is  then  High-Water  at  that 
place-j  and  fince  fhe  is  twice  at  the  fanne  Diftancc 
irom  the  Meridian,  or  in  two  oppofite  Points  of  the 
Compafiy  in  her  diiirna)  Motion ;  therefore  in  moft 
places  there  is  a  double  Ebbing  and  Flowing  in  a  lit- 
de  more  than  24  Hours.  There  has  been  found  by 
.Obfcrvation,  for  the  moft  remarkable  Coafts,  the 
^Points  on  which  the  Moon  is  when  it  is  High-Water 
ii)  ei^ch  of  theip^  as  in  the  following  Table* 


•  '■t 


J  rahk 
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1  • 

^  Taile  of  the  moft  remarkahk  Sea-CoaJiSj  in  an  At' 
fhabetical  Order  \  fhewing  in  each  of  tbem^  the  Points 
of  the  Compafs  the  Moon  muji  be  on,  when  it  is 
HighrfFater. 


A. 

AT  Aher^ark,  E  N  E  and 
W  S  W. 
At  Ahernurick  and  Antwerpy 
E  and  W. 

At  AUhorough,  S  E  3  S,  and 
NW^N. 

At  Amflerdam  and  Arnuntitsy 
N  E  and  S  W. 

At  Armyy  NNE  and  S  SW. 


At  Beachy  and  BlacbaiJ,  and 
before  the  <Race  of  Blanquet^  N 
and  S. 

At  Blackne/s  In  Bluet,  ztBelU- 
JJk.NKE,  and  S  S  W. 

Without  BIu£i,  and  at  Ber- 
njuicky  NE^N,  andSW^S. 

At  the  River  Bourdeaux^  the 
South  Coaft  of  Bretagncy  the 
Coafl  oiBifcay,  and  at  Booknefsy 
N  E,  and  S  W. 

At  Brefty  before  t\it  Ba/sy 
the  River  of  Buurdeaux  within 
the  Ha-jeny  N  E  3  E,  and  S  W 

In  the  Breefoundy  Blojy  BaU 
timorey  E  N  E.  i^nd  W  S  W, 

Feforii  Bremen,  am^  at  Black- 
9iey,  and  in  the  Channel  before 
Bourdeauxy  E  and  W. 

At  Bridgfwa^er,  E  S  E,  and 
WNW. 

At  Brijlol  Ktvy  E  i  S.  anrf 


i 


At  BulUtt'deety  S  S  £,  and 
NNW. 


C. 


Before  the  Haven  of  CaeHy  in 
I  the  Chamber,  between  Cripple^ 
/and  and  the  Creyly  and  at  Cul" 
hoty  S5E,  and  N^.W. 

At  Caldyy  and  in  the  Bay  of* 
Caevnarn)ony  E  3  N,  and  W  ^  S* 

Without   Calalsy    at  C^r/wj 
Chrifti' Pointy  before  and  SLtCam- 
fety  NNE,  and  S  S  W. 

Between  C^/V  and  Dover, . 
before  Conquety  and  at  the  A*. 
Ctf//,  N  E,  and  S  W. 

At  the  Cajketsy  and  at  Cham* 
hernefs,  SE^S,  andNWiN. 

Between  Giiemfey  and  the 
CaJketSy  before  Cromery  before 
the  Cajkets  at  Guernfey,  at  Se- 
men Cliftsy  and  at  Catnefs,  S  E« 
and  N  W. 

In  the  Chamber  of  Eye^  N  i 
E^  and  S  ^  W, 

Without  the  Cerjkets  in  the 
Channel,  S  E  ^  E,  and  N  W 
^W. 

At  Concaloy  E  and  W. 

In  Condadoy  N  and  S. 

At  Cork^  Calaisy  Cape  Clear^ 
and  in  the  Creeky   E  ^l  E,   and 

wsw. 

At  Coives^  in  the  Fofs  of  Caenp 
in  Calais  Road,  and  in  Cham- 
Bernr/s    Rdady'S  S-Ey    and  N 

•NW. 


D. 


At  Or/ert^ia/i    whhout    the 

Backs,  and  between  Or/or./ and 
Oriuill-tPa-otj,  S  S  E,  and  N 
NW. 

Ai  Or/erJiu/i,   within    the 

MOrUf/,.  NE,  aodSW. 
Al  Orkno.  S  E.  and  N  W. 

P. 

At  Si,  Paul's  in  the  Haven, 

E  and  W. 

Ac  the  Pens,  Porthus,  end 
foiHu,  NE,  and  SW.  . 

In  PlymDaib,  and  before  £t. 
Paurs,  E  5  N,  and  W  i  S. 

Thwart  of  Plymeuli,  E  8  E, 
tnd  W  N  W. 

Before  PaJcfemcA,  E  i  S,  and 

At  the  Race  of  Purilaad,  S  E, 
and  N  W. 

At  i'«-//iiWi,  half  Tide,  N 
and  S. 


At  ^HntBrotigb,   N  and  S. 


To  the  Sltvt,  between  UJham 
and  Scilly,  at  the  SiioM,  at  the 
Spilt,  at  Sauthamftdn,  and  all 
along  the  ^tuM,  N  and  S. 

Upon  the  Coalt  oi Spain,  and 
in  ShiikttJ,  N  E,  and  S  W. 

At  Sfi//t,  in  the  Saund.  Scar- 
turgh,  aoil  at  Siephi,  N  E  i  E, 
antfSWi  W. 

At  Stvrn  IJkt,  without  the 
Htven,  in  the  Si-oai  Setind,  E 
N  E,  and  W  S  W. 

At  ihe  Moulhi  of  St-vim,  be- 
tween SdUj  and  the  Lixard,  at 
the  Spm-n  and  SlmXim,  £  >  N, 
indW^S. 


Without  S(i/Iy,  in  the  Chan- 
nel, and  SaUomS,    E  and  W. 

AvSedmoKtf),  and  at  tlie-^liir/, 
EiS,  and  W  iN.  '     ^. 

OSth^Siert  in  theChanncj/ 
E  S  E,  and  W  N  W.  , - 

.  Within  th£  %«,  and  before' J 
SheUtrgi    and   at  Sivch  Clifi, 
S  E,  and  N  W. 

At  Skoriham.   S  2  i  S,    ; 
NWiN. 

At  %«  jyi^//,  S  S  E,  and  M  ' 
NW. 


T. 


■rt.Uit, 


Within  t;- 

SiW. 

Before  Tervere,  before  tkri 
River  of  n^mrs,  and  at  «»- 
?jiDH/i.  NNE,  and  saw. 

Eefore  tiieTVw,  and  Tinrntulh, 
betore  the  Bay  of  Tinmouth,  N 
E,  andSW.  / 

Al  the  Clifts  6f  the'  Tcxd, 
ENE,  andWS  W. 

In  7erta\;  and  before  tha 
7V;rW,  E  and  W. 

In  the  Road  of  the  Texei,  E 
S  E,  and  W  N  W. 

At  TirFW,  S  E  i  S,  and  N 
WiN. 


Before  Urci,  Nanii  S. 
At  Uji,  N  E,  and  S  W.    ^ 
Between   VJhani,     and    ih« 
t/«/«.NEiE.andSWiW.. 
S/.  ra/Z/iy,  SSE,  andNfj 


1 


W. 


At  ihe  H'euiiigj,  and  frpm  the 
Weft  End  of  the  ^V".  r^  N  E, 
and  S  5  \V. 

Hvfaie 


At  Ihc  Eaft  T.nd  of-  Sfigii, 
and  on  py.irinffiiit  flatj,  b'Ei 
jnd  N  \V.-  -  C' 

V:    ,t 

y.;^- v-'..,.s 

before  ramitab,  N  M  Ei'tdl 
S  S  W.  -    ^ 

AtJ-MjH'.  ENE,  andW 
SW. 

At  Tarmcuib.  S  E  i  E,  and 
N  W  i  W. 

Id  Tarmsath  Saad,  in  }W- 
faffuti  Ha-vca,SSE,  and  NNW. 


On  tlieCnAll  ai  Zetland,  M 
N  E.  andSSW. 

In  Che  Zuriii  Sea.  N  E,  and 

SW. 


Before  the  Wtilingi,  N  E  *  N, 
and  SWiS. 

At  Whiiy,  N  Ev  and  S  W. 

In  the  Se^  et'  ifuitt,  and  5/- 
^4rn,  ENE,  aod  WSW. 

In  tVaiei,  E  i  N,  aod  W  i  S. 

At  IVilli,  at  Wrtmwh,  and 
at  Waitffotii,  E  and  W. 

At  Weymnutb  Key,  E  i  S,  and 
WiN. 

At  the  Ne/i.  by  fVierinzhex, 
at  mmirM,  E  S  E,  and  W  N 
W. 

Thwart  the  [f.e  ofM^M,  in 
the  Channel,  all  within  ihe 
SP  r>f  Wight,  between  the  IJU 
ef  Wighii  and  Beai:hy,  by 
the  Shore,  S  E  ^  E,  and  N  W 


40,  By  knowing  the  toint  of  the  Compafs  the 
MooH  is  on  when  it  is  high  Water  at  any  Place,  we 
know  by  Art.  38.  the  Time  Ihe  takes  to  move  from 
the  Meridian  \o  that  Point  i  and  fince  wc  can  find 
by  Art.  29.  the  Time  of  the  Mosnh  coming  on  the 
Meridian  any  Day  -,  therefore  to  find  the  Time  of 
high  Water  at  any  Place,  and  on  any  Day,  we 
have  Chis  Rule,  viz.  To  the  Hours  aTid  Minutes 
of  the  Mootfs  Southing  {found  by  /In.  25. )  add  the 
Hours'  and  Minutes  anfwering  to  the  Point  of  Flow- 
ing (foimd  from  the  I'able  oi  Art.  58.)  the  Sum 
is  the  Time  of  fiiM  Sea  reqnired;  ccunxihg  from 
Noon  or  Midnight. 

Example.  Required  the  Timt  of  high  Water  at 
Srijlol  Key,  on  the  feventeenth  of  il<&iy  tjjo. 

Firjiy  By  An.  29.  I  find  the  Moon  comes-  ori  the 
Meridian  zhuDsy,  2  j^  Minutes  pall  6  irt  the  Morning, 
llicn  bccaufc  by  the  Table  in  the  hft  Article-,  the 
Mien  muft  be  on  the  E  ^  S,  or  W  i  N  Point  of 
the  Compafs  before  it  be  high  Water  at  Brijiol;  and- 
fince  by  the  Tabic  ztArt.  38.,  Ihe  takes  6  H^urj 
L  45'Minuw3/ 


rjig^lMeandCmpafs: 
AS  Minutes  in  moving  from  the  MertdisH  to  either  60" 
thefe  Points  -,  tlierefore  to  tiie  0  Hours  24  Minutes 
before  found,  1  add  6  Hours  45  Minutes,  and  the 
Sum  is  13  Hours  9  Minutes,  or  9  Minutes  paft  i 
in  the  Aftcrnooiv  the  Time  of  full  Sea  at  Brijiel,  for 
the  Day  propofcd,  which  is  alfo  the  Time  in  the^ 
Moriiing,  when  it  is  full  Sea  again,  the  next  Day> 


SECT.    VI.     . 
CoiTcermng_the  Log-Line  WCompafiw, 


I 


K.'TpHE    Method    commonly  made  ufe  of   fcjy 
•*■    meafyring  the  Ship's  Way  at  Sea,  or  how  far 
Jhe  runs  in  a  given  Space  of  Time,  is  by  the  Log- 
Line,  ajid  HaJf'Minute-Cliifs, 

2.  The  Log  is  a  flat  Piece^  of  Wood,  in  Shape 
like  a  I-'lound^r,  having  a  Piece  of  Lead  faftened 
10  it's  Botiom,  wiiich  makes  ic  fland  or  fwim  up- 
right in  tiis  Water ;,  to  ibis  Leg  is  tied  or  faftened  a' 
iong  Line,  which  is  called  the  Log-Line  \  aad  this  isj 
comnnonly  divided  imo  certain  Spaces,  each  of  whicU 
ifi,  or  ought  to  be,  fucb  a  proportional  Part  of  a  nau- 
tical Mile  {60  of  which  make  a  Degree  of  a  great, 
(^ircle  OH  thti  Earth)  as  half  a  Minute  (the  Timtt. 
allowed  for  die  Experiment)  is  of  an  Hour. 

3.  Thefe  Spates  are  called  Kitsts^  bccaufo  at  tlie 
End  of  each  of  them,  there  is  a  Piece  of  Twine  witli. 
Kqots  in  it,  inreeved  between  the  Strands  of  the 
Lhte^  which  Ihews  how  many  of  thefe  Spaces  or 
Knots,  are  run  out  during  the  half  Minute.  The)C 
commonly  commence  or  begin  to  be  counted,  attha 
Diftance  of  about  10  Faihoni,  or  60  Feet  from  ch». 
i^g\  fo  that  the  Log,  wl^en  it  is  hove  over  Board^. 
jnaj  be  out  of  the  fjdj  (rf  the  Sbi^'s  IVake  before 
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they  begin  to  count,  and  for  ihe  more  ready  Difco- 
very  of  this  Point  ot'Commcncemenc,  there  is  com- 
monly fattened  at  it  a  Piece  of  red  Rjg. 

4.  The  I.I7P-  being  thus  prepared,  and  hove  over 
Board  from  tlie  Poop,  and  the  Line  veered  out  (by 
the  Help  of  a  Reel,  that  turnscafily,  and  about  which 
it  is  wound)  as  faft  as  the  Lo^  will  carry  it  away,  or 
rather  as  the  Ship  fails  from  it,  will  fticw,  according 

'  to  the  Time  of  veering,  how  far  the  Ship  has  run  la 
a  given  Time  j  and  conlequently  her  Rate  of  fail- 
ing. 

5.  A  Degree  of  a  Meridian^  which  is  a  greac 
Circle  on  the  Earth,  according  to  the  exadeft 
Meafures,  contains  about  69.545  Eng^lijb  Miles  } 
and  each  Mile,  by  the  Statute  being  5280  Feet, 
rfierefore  a  Degree  of  a  Meridian  will  be  about; 
367200  Feet-,  whence  the  -5V  of  that,  viz.  a  Mi- 
nute, or  Nautical  Mile,  muft  contain  6120  ftandard  " 
Feet  1  confequently  fince  4  Minute  is  the  ^4^  Part 
of  an  Hour,  and  each  Knot  being  the  fame  Part 
of  a  Nautical  Mile  (by  Art.  t.)  it  follows,  that  each 
Ktwt  will  contain  the  x4t  Pare  of  6  j  20  Feet,  viz.  51 
Feet. 

6.  Hence  it  is  evident,  that  whatever  Number  of 
Knots  the  Ship  runs  in  half  a  Minute,  the  fame  Num- 
ber of  Miles  (he  will  rtm  in  one  Hour  ■,  fuppofrng 
her  to  run  with  the  fame  Degree  of  Velocity  during;^ 
that  Time  1  and  therefore  it  is  the  general  Way  ta 
heave  the  Log  every  Hour,  to  know  her  Rate  of 
failing  1  but  if  the  Force  or  Direction  of  the  Wind 
Vary,  and  not  continue  tlie  fame  during  the  whole 
JHour,  or  if  there  has  been  more  Sail  fet,  or  any  Sail 
handed,  that  fo  the  Ship  his  run  fwifter  or  flower  in 
t,tiy  Part  of  the  Hour,  than  ihe  did  at  the  Time  of 
Heaving  the  Log;  then  there  mull  be  an  Allowance 

'  'ifeade  accordingly  for  it,  and" this  muft  be  according 
Xo  the  Difcrcuon  of  the  Artift. 

La  '7.  Some- 
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y..  Sometimes  when  the  Ship  is  before  the  Wind-,- 
and  there  is  a  great  Sea  fetting  after  her,  it  will 
bring  home  the  Lc^,  and  confequently  the  Ship- 
will  fail  falter  than  is  given  by  the  Leg.  In  this 
Cafe  it  is  ufiial,  if  there  be  a  very  great  Sea,  to 
allow  one  Mile  in  ten,,  and  lefs  in  Proportion,  if 
the  Sea  be  not  fo  great.  But  for  the  Generalityi 
the  Ship's  Way  is  really  greater  than  that  given 
by  the  Log;  and  therefore  in  order  to  have  the 
Reckoning  rather  before  than  behind  the  Ship^ 
(which  is  the  fafeft  Way)  it  will  be  proper  to  make 
the  Space  on  the  Log-Line  between  Knot  and  Knat^ 
to  confill  of  50  Feet  inftead  of  51,  Some,  upon- 
the  Suppoficion  that  60  Miles  make  a  Degree  on 
.rtie  Meridian,  make  t!ie  Dillance  between  Knoi  and 
Knot  42  Feet  -,  when  at  the  iiime  Time,  by  common 
Experience,  they  are  obfiged  to  lelTen  the  Half-Mi- 
KUle-Glafs  by  near  6  Seconds,  making  it  to  run  only 
24  Seconds  nearly  V  which  plainly  is  correding  ono 
Miftake  by  another.  ' 

8,  If  the  Space  between  Knot  and  Knot'  on  the 
Log-Lm^  fliould  happen  to  be  too  great  in  Pro- 
portion to  the  Half-Minule-Glafs,  viz.  greater  than- 
50  Feet ;  then  the  Dillance  given  by  the  Leg,  will 
be  too  Ihort,  and  if  iliac  Space  be  too  fmall,  then 
the  Diftance  rim  (given  by  the  Log)  will  be  too- 
great-,  therefore  to  lind  the  true  Diftance  run  in> 
either  Cafe,  having  mcafured  the  Diftance  between- 
Knot  and  Knot,  we  have  the  following  Proportion^ 
viz. 

As  the  true  Diftance  ^o  Feet,  is  to  the  meafurett 
Diftance^  lb  are  tlie  Miles  of  Diftance  given  by  thd" 
Legt  to  the  true  Diftance  in  Miles  that  the  Ship  has 
run. 

Example  i.  Suppofe  a  Ship  runs  at  the  Rate  of  6^ 
Knots  in  half  a  Minute,  bur  meafuring  the  Space  be- 
tween Knot  and  Knot,  I  find  it  to  be  56  Feet ;  Re- 
quired the  true  Diftance  in  Miles, 

Makinz 
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Making  it  as  50,  Feet^  is  to  56  Feet^  fo  is  6.25 
TKnots  to  7  Knots^  I  find  that  the  true  Rate  of  failing 
is  7  Miles  in  the  Hour. 

Example!.  Suppofe  a  Ship  runs  at  the  Rate  of  6 1. 
Knots  in  half  a  Mmute,  but  n>eafuring  the  Space  be-* 
tween  Knot  and  Knot^  I  find  k  to  be  only  44  Feet : 
Required  the  true  Rate  of  failing. 

Making  it  as  50  Feet  is  to  44  Feet^  fo  is  6.5  X»^j, 
tq  5.72  Xwfl/J  -,  I  find  that  the  true  Rate  of  failing  is 
5.72  Miles  in  the  Hour. 

9.  Again,  fuppofing  die  Diftance  between  Knot  and 
Knot  on  the  Leg-Line  to  be  exaftly  ^o  Feet,  but  that 
the  Glafs  is  not  30  Seconds ;  then  if  the  Glafs  require 
lengcr  Time  to  run  than  30  Seconds,  the  Diftance 
given  wiii  be  too  great,  if  eftimatcd  by  allowing  i 
Mile  for  every  Knot  run,  in  the  Time  the  Glafs  runs  j 
and,  on  th^  contrary,  if  the  Glafs  requires  lefs  Time 
t©  run  than  30  Segonds,  it  will  give  the  Diftance 
failed  ^  too  fmail.  Confequently,  to  find  the  true 
Diftance  in  either  Cafe,  we  muft  fneafure  the  Time 
the  Glafs  requires  to  run  out  (by  the  Method  in  the 
feilowiflg  Article)  and  then  we  Ihall  have  the  follow- 
ing Proportion,  viz. 

As  the  Number  of  Seconds  the  Glafs  runs,  is  to 
Jialf  a  Minute,  or  30  Seconds,  fo  is  the  Diftance 
given  by  the  Log^  to  the  true  Diftance. 

Example  i.  Suppofe  a  Ship  runs  at  the  Rate  of  7  ^ 
Knots  in  the  Time  the  Glafs  runs,  but  meafuring  the 
Glafs^  I  find  it  runs  34  Seconds  :  Required  the  true 
pittance  failed. 

Making  it  as  34  Seconds,  is  to  ^o  Seconds,  fo  is 
^^•5,  to  6.6  \  I  find  that  the  Ship  fails  at  the  Rate  of 
6.6  Miles  an  Hour. 

Example  2.  Suppofe  a  Ship  runs  at  the  Rate  of 
6  i  KnotSj  but  meafuring  the  Glafs^  I  find  it  runs  - 
fWily  ?5  Seconds:    Required  the  true  Rate  of  fail- 

L  2  Making 
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0/  the  tcg-Lm  and  Compafs. 
Making  it  sis  25  Secon.'ii,  is  to  30  Secends,  fo  is  6.._^ 
Kwts  to  7.8  Kasts;  1  find  that  the  true  Kate  of  ^U 
ing  7.8  Miles  an  Hour. 

la  In  tn-der  to  know  how  many  Seconds  the 
Qbfs  runs,  you  may  tiy  it  by  a  Waich  or  Clock, 
that  vibiates  Seconds  j  but  if  neither  of  thefe  be 
at  Hand,  then  take  a  Line,  and  to  the  one  Enjl 
fafteniiig  a  Plumbet,  hang  the  other  upon  a  jViii/ 
Of  Pf£i  lo  as  the  Diftance  from  the  Peg  to  the 
Center  of  the  Pluinbel  be  39.-^  Inches:  Then  thi* 
put  into  Motion  will  vibrate  Seconds,  /'.  f,  every 
Titne  it  paC&i  the  Perpendicukr  you  are  to  count 
boe  Setond  ;  confcquenily  by  obferviog  the  Num- 
ber of  Vibrations  that  it  makes  during  the  Time  th© 
Gkifs  is  running,  we  know  how  many  Seconds  the 
Clafi  runs. 

I  f .  If  there  be  an  Error  both  in  the  Log-LiHS  and 
Half-MiTTUle-Gl^fj,  viz.  if  the  Dift-ince  between  Knot, 
and  Knsi  on  the  J.c^-Line.,  be  either  greater  or  left 
than  50  Feet,  and  the  Ghfs  runs  either  more  or  lela 
than  30  Secon^^,  then  the  finding  of  the  Ship's  true 
Diftance  may  be  fomewhac  more  complicate,  and 
admit  of  three  Cafes,  viz. 

Cafs  I.  If  the  Clafs  runs  more  than  30  Seconds, 
and  the  Diftance  betwei.-Vi  Knot  and  Ktioc  be  lefs 
than  50  Feet,  then  the  Diftance  given  by  the  Z.ef- 
J-;'w>  viz.  by  allowing  i  Mile  tor  each  Kmt  thft 
Ship  fa.ils  while  the  GUfs  is  running,  will  always  hOf 
greater  than  the  true  Diftance;  ftnce  either  of 
thefe  Errors  give  the  Diftance  too  great.  Confe-j 
quenliy  to  fmd  the  true  Rate  of  failing,  in  this  Cafe, 
we  muft  iirft  find  (by  Art.  8.)  the  Diltancc,  on  the 
Suppofition  th.1t  the  Log  Line  is  oniy  wrong,  an^ 
then  with  this  (by  Art.  9.)  wc  (ball  find  the  true 
piftancc. 

Example.   Suppofe  a  Ship  is  found  to  run  at  tha 

Kate  of  6  Knots ;  but  examining  the  Cl^fs,    I  find 

it  rqns  ^5  Seconds,  and  mcai'uring  the  lc?-Ltne,  I 

■      ^      ■  "^       find 
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tmd  the  Diftance  between  KwrmdKmf  to  be  but 
Feet :  Required  the  true  DiftTancc  rUn. 

Firfi^  By  A-f.  S.  we  have  the  following  Propdrtion, 
^iz.  As  50  Feef  ::  46  Feet  : :  6  iS&^/j :  5.51  Knots. 
Then  by  Art.  9.  As  35  Seconds :  30  Seconds  : :  5.5ft 
'jP»^/5  :  4.73  l&rd/\y.  Confequcntly  the  true  Race  of 
'lailing  is  4.73  Mites  an  Haur. 

Cafe  2.  If  the  G&j5  be  lefe  than  30  Seconds  and 
,  th^  Space  between  Knot  apd  :Kfiot  be  more  than  50 
I    Feet;  then  the  piftande  given  by  the  Lc^,  will  al- 
ways be  lefs  than  the  true  Diftance,  fince  either  of 
thtfft  Errors  lelTen  the  true  Diftance. 

Exarn^k.    Supjpofe  a  Ship  is  found  to  run  »t  the 
^     Rate  of  7  Knots^  biir  ex:amining  the  Glafs^  I  find  ic 
tiMA  only  25  Seconds,  and  mcafuring  the  Space  be- 
tween Knot  and  Knot  on  the  Log-Line^  I  find  it  \% 
-  'i;4  Feet.:  Required  the  true  Rate  of  failing.^ 

Firfi^  By'  Art.  9.  As  25  Seconds  :  30  Secvnds  :  : 
y  Jf«(?/j  :  8,4  iL»^;f;  Then  by  Art.  8.  As  50  Feet : 
^4  7v^/  :  :  8.4  Knots  ::  g.oyz  Knots.  Confeqiiently 
the  true  Rate  of  failir^  is  9:072  Miles  an  Houf. 

Cafe  3.  If  thtGlafs  runs  more  than  30  Seconds, 
tnd  the  Space  between  Knot  and  Knot  be  greater 
thta  50  Feet,  or  if  the  Clafs  runs  lefs  than  30  Se- 
conds, and  the  Space  between  Knot  and  Knot  be  lefs 
than  50  Feet ;  then  fince  in  either  of  thefe  two  Cafes 
'V  the  Effefts  of  the  Errors  are  contrary,  'tis  plain 
the  Diftance  will  fometimes  be  too  great,-  and  fomc- 
tinies  too  little,  according  as  the  greater  Quantity 
of  the  Error  lies ;  as  will  he  evidenc  from  the  foU 
,  lowing  Examples. 
*  Example  i.  Suppofe  a  Ship  is  found  to  rUn  at 
fhe  Rate  of  9  3  Knots  per  Glafy^  but  examining  the 
Ciafsy  it  is  found  to  run  '^6  Seconds,  and  by  mea^* 
furing  the  Space  between  Knot  and  Knot^  it  \t 
found  to  be  58  Feet ;  Required  the  true  Rate  of 
f^iling^  ; 

L4  Fir^* 


Firfiy  By  /tl.  8.  As  50  Feet  :  58  Feet  :  :  j.jf 
Knots  ;  11.02  Knots.  Tlic-n  by  ^r/.  9.  As  38  5^- 
eonds :  30  Seconds  :  :  11, Oi  Knots  :  8.7  JCw/j.  Con- 
fcquently  the  Ship's  true  Rate  of  failing  is  fr-y  Miles 
»n  Hour. 

Example  2.  Suppofe  a  Ship  riins  at  the  Rate  of 
6  Knsts  per  Ghifs -,  but  examining  the  Claji,  it  is 
found  to. run  only  ao  Seconds,  and  by  mcaluring  the 
Leg-Line,  the  Diftance  between  Knot  and  Knot  10 
found  to  be  but  3  S  Feet :  Required  (he  ;rue  Rate  of 
iailing. 

Firft,    By  Art.   8.     As  50  F«(  :  3S  Feei 
Knots:  4.56  JiCw/j.     Then  by  Art.  9.      As  20  Se^ 
conds  :  30  Seconds  :  :  4.56  X«fl/j  :  6.84  Knots.     Coqp 
fequently  the  true  Rate  of  failing  is  6.84  Miles  ai^ 
Hour. 

But  if  in  this  Cafe  it  happens,  that  the  Time  th< 
G/a/J  takes  to  run,  be  to  the  Diftance  between  Knot 
and  Knol^  as  30,  the  Seconds  in  half  a  Minute,  is 
to  50,  the  true  Diftance  between  Knoi  and  Knot  -, 
then  'tis  plain,  that  wlutever  Number  of  Second? 
jhe  Gij/i  confifts  of,  and  whatever  Number  of  Feet 
is  contained  between  Knot  and  Knot  j  yet  the  Diftance 
given,  by  the  Log-Line,  will  be  the  prue  Ditlance  ii) 
Miles. 

12.  Though  the  Method  of  raeafuiing  th^  Ship> 
Way  by  tlje  Log-Litie,  defcribed  in  the  foregoing 
Articles,  be  that  wiiich  is  now  commonly  made 
ule  of  J  yet  it  is  fubjeft  to  feveral  Errors,  and 
ihefe  pretty  confiderable.  For  firtt,  the  J-taif-Minute 
or  ^arler-Minute-GlaJJcs  (by  which,  and  the  Log^ 
the  Chip's  Way  is  deteriniued)  are  feldom  pr  never 
true,  becaul'c  dry  and  wet  Weather  have  a  great 
Influence  on  them  1  fo  that  at  one  Time  they  may 
run  more,  and  at  another  Time  fewer  than  30 
Spconds,  ^od  'fis  evident  that  a  fmall  Error  in  the 
Cla/s,  will  caufe  a  fenSble  one  in  the  Ship's  Way. 
Again,    the  chief  Property  of  the  Log  is  to  have 
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It  fwim  upright,  or  perpenilicular  to  the  liorizcm 
Jjut  this  is  too  often  wanting  in  Logs,  becaufe  few 
Seamen  examine  whether  it  is  fo  or  nor,  and  general- 
ly take  it  upon  Trurt,  being  fatisfied,  if  it  weigh  a 
little  more  at  the  Stern  than  the  Head  •,  and  from 
this  there  flows  an  Error  in  the  Reckoning:  For  if 
the  Log  does  not  fwim  upright,  it  will  not  hold 
Water,  nor  remain  fteady  in  the  Place  where  it 
is  heaved,  fmce  the  leaft  Check  of  the  Hand  in 
veering  the  Line  will  make  it  come  up  levcral 
Feet  1  this  repeated  will  make  the  Errors  become 
Fathom,  and  perhaps  Knots,  which  how  infigmficant 
foever  they  appear,  are  Miles  and  Parts  of  Miles, 
and  amount  to  a  good  deal  in  a  long  Voyage, 
Another  Inconvenience  attending  the  Log-Line  is, 
it's  ftretching  and  flirinking ;  for  when  a  new  Line 
is  firfl:  ufed,  let  it  be  ever  fo  well  ftretched  upon 
the  Deck,  and  meafured  as  true  as  poffible,  yet  after 
wetting  it  (brinks  confiderably  ;  and  confequently  to 
be  the  better  alTured  of  the  Ship's  Way  by  the  Log- 
Line,  we  ought  to  meafure  and  alter  the  Knots  on  it 
every  Time  before  we  ufe  it.;  but  this  is  feldom  done 
oftener  than  once  a  Week,  and  fometimes  not  above 
once  or  twice  in  a  whole  Voyage;  alfo  when  the 
Line  is  meafured  to  it's  greateft  Degree  of  Ihrinking, 
;t  is  generally  left  there  j  and  when  by  much  Ufe  It 
pomes  to  ftretch  again,  it  is  feldom  or  never  mended, 
though  it  will  ftretch  beyond  what  it  iirft  flirunk. 
Thefe  and  many  other  Errors,  too  well  known,  at- 
tending that  Method  of  meafuring  the  Ship's  Way 
by  the  Log-Line,  plainly  anfwers  for  a  great  many 
Errors  committed  in  Reckonings.  So  it  is  to  be 
withed,  that  either  this  Method  was  improved  or 
^mended,  or  that  fome  other  Method,  lefs  fubjeft  to 
Error,  was  found  out.  There  was  a  Machine  fome 
7"itne  ago  invented  by  Mr.  Henry  de  Saumarez,  of  the 
ifland  of  puerjjfey,   for  meafuring  the  Ship's  Way, 

called 
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called  \hf  Marsns  Sttrveyor -,  which  is  indeed  lefs  fubieft 
to  Error  than  the  Leg- Line,  snd  was  found  by  leveral 
Ejfperiments  to  zrjiwer  die  End  much  more  exactly 
than  che  LogLine;  a  Delcriprion  of  which  may  be 
fren  in  the  Pbilofopbkal  TrsnfaStioHS  of  the  Reyal 
Society,  Vol.  xxxiii.  for  the  Months  of  Novembtr  and 
Hecemhtr  lyi^;  und  bIIo  in  thofe  fur  the  Months 
of  h'iareh  and  j-^ptil  iy26;  and  for  March  and  \/fpril 
1729. 

I  j.  It  was  faid  at  JrJ.  21.  Sf^.  III.  that. the  Me- 
ridisn  and  Prime  Verriual  of  any  Place  cuts  the  Ho- 
rizon in  +  Points,  at  90  Dogrets  Distance  from 
one  another,  viz.  tht  North,  SciUhy  Eeji,  andfFeJii 
that  Part  of  the  Msridtein  which  extends  itfelf  from 
the  Place  to  the  North  Point  of  the  Herizov,  is  called 
the  ffortb  Line;  that  which  tends  to  the  South  Point 
of  the  Horizan,  is  called  xht  South  Line -,  and  that 
Fart  of  the  Prime  Vertical  which  extends  towards  the 
Riglit-hand  of  the  Obferver,  when  his  Face  is  turned 
to  the  Norlht  la  called  the  Eafi  Line;  and  billy,  that 
Part  of  the  Prime  Vertical  which  tends  towards  the 
Left-hand,  is  called  the  IP'gJi  Line;  the  four  Puiiics 
in  which  thefe  Lines  meet  the  Hvrizen,  are  called  it^e 
Catdinal  Feints. 

14.  In  Older  to  determine  the  Courfe  of  t!ie  Wittdj^ 
and  ro  difcover  their  various  Alterations  cr  Shift- 
irvgSs  each  Quadratitof  the  Horizen  intercepted  be-^ 
twcen  the  Meridian  and  Prime  Vertical,  is  ulbally 
divided  into  eight  equal  Parts,  and  confc qaenily  the 
whole  HorizoH  into  thirty-two;  and  the  Lin "s  drawn 
from  the  I'iace  on  which  the  Obferver  ftancleth,  tq 
the  Points  of  Divifion  in  his  IferizBii,  are  called 
Jiuinii  Lines,  the  four  principal  of  which  are  thofe 
(Jtfcribed  in  the  preceding  Article,  cacli  of  them 
having  it's  Name  from  the  Cardinal  Point  in  the  IJo- 
tizon  towards  which  it  tends;  the  reft  of  the  Rutnh 
t.ineihfLVt  tJieirNvhes'compouuded  of  the  principal 
'■•  LinET^ 
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I^ines  on  each  Side  of  them,  as  in  the  following  Fi- 
gure j  and  over  which  Ibcvcr  of  thefe  Lines  the 
Courfe  of  the  Wind  is  direftcd,  that  Wind  takes  it's 
Name  accordingly. 

15.  The  Inftrument  commonly  ufcd  at  Sea  for 
tiirei5ting  the  Ship's  Way,  is  called  the  Mariner'^ 
Compafs;  which  confiOs  of  a  C<2rd  and  two  Boxes, 
The  Card  is  a  Circle  made  to  reprefent  the  Horizon, 
whofe  Circumference  is  quartered,  and  divided  in- 
to Degrees,  and  alfo  into  thirry-rwo  equal  Parts, 
by  Lines  drawn  from  the  Center  to  the  feveral 
Points  of  Divifion,  called  Points  of  the  Compafs.  On 
the  Back-fide  of  the  Card,  and  jiill  btlow  the  South 
and  North  Line,  is  fixed  a  Snel  Needle,  with  a  Brafs 
Cupola,  or  hollow  Center  in  the  Middle,  which  is 
placed  upon  the  End  of  a  fine  Pin^  upon  which  the 
Card  may  eafily  turn  about  j    the  Needle  is  touched. 

.  wilt!  a  Load-Stone,  by  which  a  certain  Virtue  is  infuf- 
ed  into  it,  that  makes  it  (and  confequently  the  South 
and  North  Line  on  the  Card  above  it)  hang  nearly 
in  the  Plane  of  the  Meridian,  by  which  Means  the 
Ssuih  and  North  Lines  on  the  Card  produced,  would 
meet  the  Horizon  in  the  South  and  North  Points  \ 
and  conlequehtly  all  the  other  Lines  on  the  Card 
produced  would  meet  the  Horizon  in  the  rdpedive 
Points. 

16,  The  Card  is  reprefented  in  the  annexed 
Scheme,  in  which  you  may  obfcrve,  that  the  ca- 
pital Letters  N,  S,  E,  W,  denote  the  four  Cardinal 
Poinds,  viz.  N  the  Nc-ih,  S  the  South,  i^c.  and 
the  fmall  Letter  />  figntfics  the  Word  iy;  the  Rxtmim 
in  the  Middle  between  any  two  of  the  Cardinals, 
are  exprellcd  by  the  Letters  denoting  thefe  Car- 
dinals, that  which  denotes  the  Puint  lying  in  tha 
Meridian  having  the  Precedence :  Thus  the  Rumk 
in  the  Middle  between  the  North  and  Eaft  is  ex- 
prcffed   N  E,   which   i^   to   bu    read   Nortif-Eaft ; 

alfo 
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dfo  S  W  denotes  the  Soutb-IVefl  Rumb,    t^c.    the 

other  |_Rumbs    are    cxpreffed    according    to  their 


Situation  with  refpefl:  to  thcfe  middle  Rumbi 
and  the  ncareft  Cardinals,  as  is  plain  from  the  anr 
ncxcd  Scheme.  I 

17.  Thai 
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17.  The  Cnrd  is  put  into  a  round  Box,  made  for 
it,  having  a  Pm  eredVed  in  che  Middle,  upon  wljicl* 
the  hollow  Center  of  the  Needle  is  fixed,  fo  that  the 
Card  may  lie  horizontal,  and  eafily  vibrate  accord- 
ing to  the  Motion  of  the  Needle-,  the  Box  is  covered 
over  with  a  fmooth  Glafs,  and  is  hang  in  a  Brafe 
Hoop  upon  two  cylindrical  l*ins,  diametricaliy  op- 
pofite  to  one  another,  and  this  Hoop  is  hung  within 
another  Brafs  Circle,  upon  two  Pins,  at  right  Angles 
with  the  former.  Thefe  two  Circles  and  the  Box 
are  placed  in  another  fquare  wooden  Box,  (b  that 
the  inntrmoft  Box.,  and  confcquently  the  Card, 
may  keep  horizontal  which  Way  foever  the  Ship 
heels. 

18.  Since  the  AMdiam  do  all  meet  at  the  Poles, 
and  there  form  certain  Angles  with  one  another  i 
and  fince  if  we  move  never  fo  Uttle  towards  the 
Eaft  or  ff^ejl,  from  one  Place  to  another,  we  there- 
by change  our  Meridian,  and  in  every  Place  the 
Eaji  and  Wejl  Line  being  perpendicular  to  the 
Meridian ;  it  follows,  that  the  Eafi  and  IVeJi  JJn; 
in  the  firft  Place  will  not  coincide  with-  the  Eajl 
and  Weft  Line  in  the  fecond,  but  be  inclined  to  it, 
at  a  certain  Angle;  and  conlcquently  all  the  other 
Rimib  Lines  at  each  Place,  will  be  inclined  to  each 
other,  they  always  forming  the  fame  Angles  with 
the  Meridian.  Hence  tc  follows  that  all  Rumbs^ 
except  the  four  Cardinals,  mull  be  Curves  or  Heli- 
fpbericdl  Lines,  always  tending  towards  the  Pokr 
and  approaching  it  by  infinite  Gyrations  or  Turn- 
ings, but  never  falling  into  it.  Thus  let  P  be  ths 
Pole,  EQ^an  Arch  of  the  Equator,  P  E,  PA, 
&?f.  Meridians,  and  E  F  G  H  K  L  any  Rumb  ; 
then  becaiife  the  Angles  P  F  E,  PEG,  Qc.  arc  by 
the  Nature  of  the  Rumb  Lt/ie  equal,  it  is  evident 
that  it  will  form  a  curve  Line  on  the  Surface  of  the 
Globe,  always  appro:;ching  the  Pole  P,   but  never 

falling 
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falling  into  itj  for  if  ic  were  poffibic  for  it  to  fall 

iAV>  xbtPfley  then  it  vould  follow^  that  the  [imt 


t.tne  could  cut  an  infinite  Numbei-  of  othef  LifleS  af 
^qual  Angles  in  tlie  fame  Point,  which  is  abfurd. 

19.  Becaufe  there  are  32  Rumbs  (or  Points  in  th« 
Compafs)  equally  diftant  from  one  another,  therefore 
die  Angle  contained  between  any  two  of  them  adja- 
cent, will  be  11°,  15',  -viz.  xr'Part  of  360"  j  and 
fo  the  Angle  contained  between  the  Mtridtan  and  the 
N^E,  will  be  r  i",  15*,  and  between  the  MeridtM 
and  the  NNE  will  be  22%  36',  and  fo  of  dw  «iV 
as  in  the  following  Table. 
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S  E  G  T.    VII. 

Of  Plane  Sailing. 

i.  'Tp  HIS   Method  of  failing  fuppofes 
-■■    to  be  a  Plane,  and  the  Meridians  \ 

one  another ;  and  iikewife  the  Parallels  of  Latitude 
at  equal  Diftance  from  one  another,  as  they  really 
are  upon  the  Globe.  Though  this  Method  be  in  it- 
felf  evidently  fali'e,  yet  in  a  Chort  Kiin,  and  efpecialiy 
near  the  Equator,  an  Account  of  the  Ship's  Way  may 
be  kept  by  it  tolerably  vie\\. 

8.  The  Angle  fornled  by  the  Meridian  and  Rumb 
that  a  Ship  fails  upon,  is  called  the  Ship's  Ceurfe. 
Thus  if  a  Ship  fails  on  the  N  N  E  Rumb,  then  her 
Ceurfe  will  be  22",  30',*  and  fo  of  others, 

3.  The  Diftance  bctweeh  two  Places  lying  otv 
the  fame  Parallel  counted  in  Miles  of  the  £j«a/t!r 
or  the  Diftance  of  one  Place  from  the  Meridiari 
of  another,  counted  as  above,  on  the  Parallel  paiP- 
jng  over  that  Place,  is  called  Meridional  Dtjiancey, 
which  in  Plane  Sailing  goes  under  the  Name  of  DeA  j 
par  tun.  '1  I 

4.  Let  A  denote  a  certain  Point  on  the  EarthV 
Surface,  A  C  it's  Mtridiany  and  A  D  the  Parallel 
of  Latitude  paffing  through  it;  and  fuppofe  a  Ship' 
to  fail  from  A  on  the  NN  E  Rumb,  'till  (he  arrive, 
at  B  i  and  through  B  draw  the  Meridian  B  D  (whicbyi  ■ 
according  to  the  Principles  of  Plane  Sailing, 
be  parallel  to  C  A)  and  the  Parallel  of  Latitude-' 
B  C ;  then  the  i-ength  of  A  B,  viz.  how  far  the 
Ship  has  failed  upon  the  N  N  E  Rhumb,  is  called 
her  Diftance  1  A  C  or  B  D  will  be  her  Difference  of 
Latitude,  or  Northing,    CB  will  be  her  Departure, 

or  Eafting,  and  ihc  Angle  CAB  will  be  the  Courfr. 

Hcnc*_ 


i 

i 

"■-■■    ■ 


Of  Plane  Sailing.  i6i 

Hence  it  is  plain>  that  the  Dijiance  failed^  will  always 
be  greater  than  either  the  Diffmnct  of  Latitude^  ot 
D.Jpariure^  it  being  the  Hypothenufe  of  a  right-angled 
Trianjgic,  whereot  the  other  twb  are  the  Legs ;  except 
the  Ship  fails  either  On  a  Meridian^  Or  a  Parallel  of 


* 


'XJ 


■  '  n 


■ 
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Latitude ;  for  if  the  Ship  fails  on  a  Meridiatiy  then  it 
is  plain,  that  her  Dtftattce  will  be  juft  equal  to  her 
Difference  of  Latitude^  and  fhe  will  have  no  Departure ; 
but  if  fhe  fail  on  a  Parallel,  then  her  Dijiance  will  be 
the  fame  with  her  Departure^  and  (he  will  have  no 
Difference  of  Latitude.     It  is  evident  alfo  from  the 
Scheme,  that  if  the  Courfe  be  lefs  than  4  Points,  or 
45  Degrees,  it's  Complcnient,  vi'H.  the  other  Oblique 
Angle,  will  be  greater  than  45  Degrees,  and  fo  the 
Difference  of  Latitude  will  be  greater  than  the  Depar-^ 
Jure ;.  but  if  the  Courfe  be. greater  than  4  Points',  then 
the  Difference  of  Latitude  v,'ill  be  lefs  than  the  Depar- 
tufe ;  and,  laftly,  Tf  the  Courfe  be  jufl:  4  Points,  the 
Difference  of  Latitude  will  be  equal  to  the  Departure. 

5.  Since  the  Diftance,    Difference  of  Latitude, 

and  .E>e\)arturcj   forth  a  right-angled  Triangle,   in 

■  ■      M         -  whicli 


"irhicb  <ht  OtUque  Angle  oppbfite  to  tlie  beparture  % 
t^t  Cburfc,  and  the  other  it's  Coriiplerttent ;  therefore 
Javing  any  two  of  chefe  given^.  we  can  (by  Se£l.  2.^ 
find  the  reft  s  and  hence  arifc  the  Ca&s  ot  PUate  ^atl- 
ifig^  U'h'ich  are  as  fbllbvir, 

CASE     f. 


Courfe  and  Difta/iA  giveu^  tojiiid  Difference  of  Lat:^ 
iftde  and  Depatrlurl. 

Example. 

Suppofe  a  Ship  'fails  from  the  Latitude  of  go**, 
25'  North,  N  N  E  32  Miles.  Required  the  Diffe- 
rence of  Latitude  aiid  Departure,  and  the  Latitude 
ebme  to; 

The  Geometrical  Conftmflion  of  this  Cafe/ is 
fhe  fame  as  in  Cafe  3^  of  Right-Angled  7'rigonotnetryy 


B.^2^c 


ijie  lame  Things  being  given  in^  Both ;  and  from  It 
«re  have  the  fotlowiog  An^gy  for  fiodiiiK  t^e  toe-«- 


parture,  viz* 

As  Radius    *    -    -    - 
la. to  (he  Diftfince  A  C  ^ 


«.    ^ 


iacbooa 
1:5^515 


Jo  Is  the  Sine  of  tfe  Courfc  A  22*",  ^o^  jj.58284 
to  the  Departure  B  C   .-    -    •   i'^'SS     -     1^8799 

So  the  Ship  has  niadc  ic|.25  Miles  of  Departure  Eaft- 
crly,  or  has  got  lo  tar  to  the  Eaftward  of  her  Merij- 
dian.  Then  for  the  Difference  of  Latitude,  or  North- 
ing, the  Ship  has  made,  we  have,  by  Cfife  3.  ^  lieSl- 
angular  TrigcnarAeiry^  the  following  Analogy,  viz^ 

m      I. 

As  Radius     -.-     -    -..^i.^-    -     lo.obood 
is  to  the  Diftance  AC     -     -     32     -7        1^56515  * 
fo  is  the  Co-fine  of  Courfe  A     22*",  30'    -  9.9656^    ' 
tOitbe  DifFerenpe  of  Lat,  A  B    29.57      -      1.4707/ 

fo  thte  Ship  has  differed  Ker  Latitude^  at  made  of 
Northing  29.57  Minutes. 

And  fince^ier  former  Latitude  was  North,  and  her 
,  Difference  of  Latitude  alfo  North.     Therefore, 

To  the  Latitude  failed  from     -     30^5  25'  N. 

add  the  Difference  of  Latitude  -  00  ,  29.57   Ni 

1 1  I  ■  I  I  * it 

and  the  Sum  is  the Lat. come  to    30 %  5457  N* 

By  this  Cafe  is  calculated  the  Table  of  Difference 
of  Latitude  and  Departure,  to  every  Degree^  Poinu 
and  Quarter  Point  of  the  Compafs ;  for  the  Diftance 
from  I  to  100  Miles,  at  the  End  of  this  Seftionj  th^ 
Ufe  of  which  fhall  be  there  explained. 

C  A  S  E     2. 

.t        Courfe  and  Differ cHce  of  Latitude  giveht  tofirJ  Djf 
.     Sanci  andrl^epartHrei 

Example^ 

SvppoTe  a  $hip  io  the  Latitude   of  45*^,    25^ 
:;. .  JSorth.  (ails  >J  E  ^.  N  i  Eafte^ly,  %\i  ft«.cwne  to 

.>        *  ,  M  2.  the 


'  I  ^4  0/  Plane  Sailing. 

the  Lafitude  of  46"",  ^^\  North.     Required  the  15i^ 

tance  and  Departiii^  made  good  upon  that  Courfe. 

Since  both  Latitudes  are  Northerly,  and  the  Cotiric 
alfo  Northerly.    Therefore^ 

From  the  Latitude  come  to     *    -    46°,  55'  N. 
fubtradt  the  Latitudes  failed  from     -   45  5  25  N. 


and  there  remains  ■  -     -    -    -    r    01  ,  30  N. 
the  Difference  of  Latitude,  equal  to  90  Miles. 

".    The  Geometrical  Conftruftion  of  this  Cafe,  is  the 
.  fame  with  that  of  Cafe  i .  of  Re£langular  trigonometry^ 


Bi)^pr£ 


aild  by  it  we  have  the  following  Analogy,  for  finding 
the  Departure  B  D^  viz. 

As  Radius  -•----^--  10.00000 
is  to  the  Diff.  of  Latitude  A  B  -  90  -  1.95424 
fo  is  the  Tangent  of  Courfe  A  -  39°,  22'  9.91404 
to  the  Departure  B  D  -  -  -  73. 84  1.86828 
fo  the  Ship  has  got  73.84  Mika  tQ  tlie  Eaftward  of 
her  former  Moridian. 

Again, 


Of  Plane  dailing^ 


1^5 


Agiiin,  for  the. Diftance  AD,  wfc  have  by  Cafe  a* 
ef  Re£f angular  Trigoncmeltyy  the  following  Proportion, 


fVlZ. 


As  Radius  ---.----•  lo.ooooo 
is  to  the  Secant  of  the  Courle  39°,  22'  10.11176 
fo  is  the  Difference  of  Latitude  AB  90  1.95424 
1:0  the  Diftance  AD     -     -     -     -    116.4-  2.06600 


CASE    3. 

Difference  of  Latitude  and  Diftance  given^  to  fina 
^Courfe  and  Departure, 

Esample. 

Suppofe  a  Ship  fails  from  the  Latitude  of  ^S''^  59' 
North,  on  a  Rumb  between  South  and  Weft,  126 
Miles,  and  fhe  is  then  found  by  Obfcrvation  to  be 
in  the  Latitude  of  ^^""^  40'  North;  required  the 
Courfe  (he  faile^l  on,  and  her  Departure  from,  the 
Meridian. 

Since  the  LatitucJes  are  both  North,  and  the  Ship 
failing  towards  the  Equator  j  therefore. 


From  the  Latitude  failed  from 
fubtraft  the  obferyed  Latitude 


-  56^  50' N. 

-  55  ^  ^o  N. 


and  the  Remainder        -    -    ♦    -    -    01,  10 
equal  to  70  Miles,  is  the  Difference  of  Latitude, 


..  .  ^  .  # 


M  3 


Tl»i8 


't66  Of  ?hne  Sailing. 

This  Cafe  is  conftrufted  the  fame  Way  as  Cafe  §^ 
(gf  '^ilangular  Trigo^metrj^  and  by  it  y/fc  haYfi  -?lip 


j^O^-K 


.  %  r 


.  I 


a^ 


foliawing  Proportion  for  finding  the  Angle  of  \hc 

Courfe  F,  "viz. 

«  . 

As  the  Diftance  failed  D F    -    126    -     2.10637 
is  to  Radius     --..----     1 0.00000 

fo  is  the  Difr.  of  Latitude  FE  70  -  1.8451Q 
to  the  Co-fine  of  the  Courfe  F  ^6"^^  15'  9.74473 
which,  byecaufe  (heiails  between  South  and  Weft, 
will  be  South  56%  15^  Weft,  or  S  W  ^  W,  Then 
for  thp  Departure,  we  hai^c  by  Cafe  3.  of  ReSlatjgul^r 
Itrigonom^ry^  the  following  Proportion,  viz.. 

A$  Radius  -"-...-,.*  1 0.00000. 
is  to  the  Diftance  failed  PF  •  126  -  2.10037 
fo  Js  the  Sine  of  the  Courfe  F  -  56^^  ^5' 9-91985 
to  the  Departure  D  E  -  -  1P4.8  -  2.02022 
^cnfcquently  Ihp  }ias  noadc  194.8  Miles  of  Departure 


€  ASH 


OfPhne  Sai$i^. 
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C  A  S  E    4. 

Vijfer^nce  -if  Latitude  and  Departure  pnjetty  40  fini 
'Qmrfe  oxdDiJiattce. 

Example. 

Soppofe  a  Ship  fails  from  the  Latitudc-of  44^,  50* . 
Konh,  between  South  ^nd  Eaft,  'till  (he  has  made  64 
Miles  of  Eaftiqg,  an^  is  then  found  by  Obfervation 
^o  be  in  the  Latitude  of  4Z°,  56'  North.     Required 
the  Courie  and  Diftance  made  good. 

Since  the  Latitudes  are  both  North,  and  the  Ship 
failing  towards  the  Equator.    Therefore, 

From  the  Latitude  failed  from     -    44*",  50'  N. 
take  the  Latitude  come  tp     •     -     42  ,  56  N. 

and  there  remains      -----t)i,54 
equal  to  114  Miles,  the  Difference  of  Latitude  or 
Southings 

,    This  Cafe  is  cpnilruftcd  the  feme  Way.  as  Cafe  4. 


:*! 


FoilowiiTg  Proportion  to  find  the  Gourfe  KQLp  vizi 

M  4  V  As 


iSiy  Ofi  Pkne  SaiHfig.': 

Aa  the'Diff.  oft.atti;udeGKtH+  -  -  2.05590 
is^<oRa4iu8L  ,-•-  -  -  ^■^.  -  -  -  lo^poopo 
fo  is  the  Departure  K  L  -  -  64  -  -  i.8o€i8 
to  the  Tangent  of  Courfe  G  -  29°,  19'  9.74928 
which  becaufe  the  Ship  is  failing  between  South  and 
Eaft,  will  be Sduth  29%  19'  Eaft,  or  SSE  \:  Eaft 

nearly. 

Then  for  the  Diftance,-  we  (hall  have  by  Cafe  2, 
hf  Re^angular  Trigonometry^  the  following  Analogy, 
.  viz.  .'    . 

As  Radius    -.•.----    -    -    -  .  10.00000 

is  to  the  DifF.  of  Latitude  G  K  i  T4  -  -  2.05690 
fo  is  the  Secant  of  the  Cpurfe  29"*,  19'  10.05952' 
to  the  Diftance  G  L  -  -  -  1^0.8  -  2.11642 
confequently  the  Ship  has  failed  on  a  S  S  E  4^  Eaft 

Courfe  130.8  Miles. 


I    e 


CASE     5. 


.  *  • 


Diftance  and  Departwe  given,   to  find  Courfe  an4 
t)iff€rence  of  Latitude. 

*  •      .  * 

Example. .- 

Suppofe  a  Ship  at  Sea,  fails  from  the  Latitude  of 
34°,  24'  North,  between  North  and  Weft  124  Miles, 
and  is  found  to  have  made  of  Wefting  86  Miles. 
Required  the  Courfe  ftcered,  and  the  Difference  pf 
Latitude  or  Nqrthing  made  good, 


<  * 


This 


•  Thiar  Cafe  is  conftrufted  the  fame  Way  i$  Cafe  5. 
^^-RiSMgular  Trigcmomelryy  and  by  it  wc  have  the. 


following  Proportion  for  finding  the  Courfe  A  D  B; 

viz,  '  .        ' 

As  the  Diftance  A  D    -    -   124    -    -    2.09342 
is  to  Radius     ---------  10.00000 

fo  is  the  Departure  A- B  -  86  -  -  -  1.934.50 
to  the  Sine  of  the  Courfe  D  43°^  54'  -  9.84108 
fo  the  Ship's  Courfe  is  North  43°,  54'  Weft,  or 
N  W  *  N  ^  Weft  nearly. 

Then  for  the  Difference  of  Latitude,  we  have  by 
Cafe  3'.  of  Re£Iangular  'Trigonometry^  the  following 
Analogy,  viz. 

As  Radius  -.---.---  10.00000 
is  to  the  Diftance  A  D  -  -  124  -  -  2.09342 
fo  is  the  Co-fine  of  the  Courfe  43°,  54'  -  9.85766 
to  the  Diff.  of  Latitude  B  D  -  89.35  -  1.95108 
which  is  equal  tP  1  Degree,  and  29  Minutes  nearly. 

Hence 


17©  OfWamSMni. 

Hence  to  find  the  Latitude  the  Ship  is  in^  fi|iM.t}pd!|; 
I^aticudos  are  Norths  and  the  Ship  fi^iliiig  fi-Qni  ^4 j 
Equator^    Therefore,  \ 


To  the  Latitude  failed  from 
add  the  DifFerehcc  i£  Latitude 

the  Sum  is     -     w    -    _    _    ^ 
the  Latitude  the  Ship  is  ih; 


34%  24'  N, 
1%  29'  N. 


•tf. 


35%  53'  N; 


C  A  S  E   6. 

* 

Courfeand  Difparture  groen^  tojini  Diftamt  andD^- 
ftrence  of  LatitWfif 

Suppofe  a  Sh^  at  Sea,  in  the  Latitude  of  24*,  30' 
South,  faik  S  E^S,  'till  (he  has  made  of  Eafting  9$ 
Miles.  Required  the  Diftance  and  Difference  ofXa- 
tiiude  made  good  pn  th^t  Coutfe.  .  . .  ; 

This  Cafe  is  projcfted  the  fame  Way  as  Cafe'  "r* 
ef  Rs£lang«hr  'Trigonometry y  jfnd  by  Cafe  2.  we  have 


^fO-Sl^if^^jS 


the  following  Pcoportiot)  for  6o4in{f  :!^  JD^iUiB£c» 

xiz. 

At 
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/U  the  Sine  of  the  Courfc  G     33^,  45^  9.74474 

1$  to  the  Depanure  H  M     -    ^6      -     -^  r.98227 

(b  is  Radius     .-.-...^^.  lo.ooooo. 

to  the  Diftance  GM  -    -     172.8      -    -  ^-23753 

-Then  fo!*  the  Difference  of  Latitude^  wc  have  by. 
Oife  I .   cf  Rectangular  Trigonmetry^    the  following 

Analogy,  viz. 

AstheTangentof  theCoiirfe  33'',  45'  -  9.82489 
is  to  the  Departure  HM  -  ^6  -  -  -  1.98227 
fc  is  Radius     -----..--  10.09000 

to  the  Difference  of  Latitude  G  H  143.7  2. 1573$ 
equal  to  2°,  24'  nearly.  Confequently  fincc  the  La- 
titude the  Ship  (ailed  from  was  South,  and  flie  failing 
%\\  towards  the  South, 

To  the  Latitude  failed  from     -    -    -     24**,  30'  S. 

add  the  Difference  of  Latitucie    r    r    -  2°,  24'S, 

■  ■■■■■■      ■« 

and  the  Sum  -..---  r  -  -  26°,  54' S, 
is  the  Latitude  {he  is  come  to. 


.  A 


6.  When  a  Ship  ftems  feveral  Courfes  in  24  Hours, 
then  the  reducing  aU  thefe  into  one,  and  thereby 
finding  the  Courfe  and  Diftance  made  good  upon 
the  whole,  is  cominonly  called^  the  Relolving  of  a 
^raverfe. 

7.  At  Sea  they  commonly  begin  each  Day's  Rec- 
koning from  the  Noon  of  that  Day,  and  from  that 
Time  they  fet  down  all  the  different  Courfes  and 
pittances  ftemmed  by  the  Ship  'till  Noon  next  Day, 
ppoh  the  Log-Board  ^  then  from  thefe  feveral  Courfes 
and  Diftances  had  from  the  Compafs^  and  Log-Line^ 
they  compute  the  Difference  of  Latitude  and  De- 
parture for  each  Courfe  (by  Cafei.  of  Plane  Sailing^ 
and  thefe,  together  with  the  Courfes  and  Diftances,^ 
are  fet.  down  in  a  Table  called  the  T*raverfe  Table^ 
yifhkh  confifts  of  five  Columns  |  in  the  firft  of  which 

are 


are  placce!  the  Courfes  and  Diftances,'  in  the  -two 
next  .the  Differences  of  Latitude  belonging  to  tHefe; 
Courifes,  according  as  they  are  North  or  South,'-  and' 
in  the  two  lall  are  placed  the  Departures  bclonginj 
to  thefe  Courfes,  according  as  they  are  Eaft  or  Wef* 
Then  they  fum  up  all  the  Northings  and  all  the 
Southings ;  and  raking  the  Difference  of  thefe,  they 
know  the  Difference  of  Latitude  made  good  by  the 
Ship  in  the  lafl:  24  Hours,  which  will  be  North  or 
Southi  according  as  the  Sum  of  the  Northings  or. 
SoUthings  is  greateft  ;  the  fame  Way,  by  taking  the 
Sum  of  all  the  Eaftings,  and  likewifp  of  ajl  ,the 
Weftihgs,  and  fubtrading  the  lefler  of  thefe  fnom  the 
greatier,  *  the  Difference  will  be  the  Departure  made 
good  by  the  Ship  laft  24  Hours,  which  will  be  Eaft 
or  Weft,  according  as  the  Sum  of  the  Eaftings  is 
greater  or  Icfs  than  the  Sum  of  the  Weftings^  th^n^ 
from  the  Difference  of  Latitude  and  Departure  made 
good  by  the  Ship  lafl  24  Hours,- found. as  above," 
they  find  the  true  CouiTe  and  Diftance  made  gopc|! 
upon  the  whole  (by  Caje  4.  of  Plane  Samng\ 
as  alfo  the  Courfe  ^nd  Diftance  of  the  intended 
Fort, 


Example. 

.  Suppofe  a  Ship  at  Sea,  in  the  Latitude  of  48*",  24* 
North  at  Nocn  any  Day,  is  bound  to  a  Port  in  the 
Latitude  of  43°,  40'  North,  whofe  Departure  from 
the  Ship  is  144  Miles  Eaft  j  confequently  the  diredt, 
Pourfe  and  Diftance  of  the  Ship  is  S  S  E  i  Eaft  315 
Miles.;  but  bv  reafon  of  the  (hifring  of  the  Winds 
Ilie  is  obliged  to  fteer  the  following  Coiiries  *tijl  iVi^;; 
next  Day,  viz,  SE^S  56  Miles,  SSE  64  Miles, 
N  W  ^  W  48  Miles,  S  ^  W  4  Weft  54.  Miles,  and 
S  E  b?i  y  E.ift  74  Miles ;  required  the  Gourl'e  and 
i^iilauce  made  good  the  laft  24  Hours,    and  thp 

Uearing 
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Bearing  and  Diftance  of  the  Ship  from  the  intended 

l^oft.    -    ■'.■■'■■.'  ^  ■  - 

- .  XhiC  Solution  bf  this  Traverfe  xJepends  entirely  on 
the.  I  ft  and  4th  Cafes  of  Plane  Sailings  and  fifft  wc 
muft  <by  Cafe  v.)  find  the  Difference  of  Latitude  and 
Departure  for  each  Courfe,     Thus, 

I.  Courfe  SE  *  S  Diftance  56  Miles. 
For  Departure. 

Afs  Radius. --.  xo.ooooo 

is  to  the  Diftance     -      -     56    -r    •    ^  1.74819 

{6  is  the  Sine  of  the  Courfe  33**,  45'     -  9.74474 

to  the  Departure     -    -    -     31.11  .  -    -  x.49295 

For  Difference  of  Latitude. 

•        ■ 

As  Radius  ^--- ^-     10.00000 

•is  to  the  Diftance  -  •  ..  56  -  -'  -  i. 74819 
fo'is  the  Co-fine  of  the  Courfe  33°,  45',  -  9*9^9^5 
to  th^Diff.  of  Latitude    -    46.57     •    -     1.66804 

2.  Courfe  S  S  E  and  Diftaince  64  Miles. 
^   For  Departure. 

As  Radius 10.00000 

is  to  the  Diftance    -    -     -     64    -     -     -  1.80618 

ib  is  the  Sine  of  the  Courfe    22^,  30'     -  9.582S4 

to.the  Departure     -    -    -     24.5      -      -  1.38902 

For  Diflfcrence  of  Latitude. 

As  Radius     ------••..     lo.oocoo 

is  to  the  Diftance    -    -'  -     64    -    -     -     i. 80618 

fo  ia  tl^  Co-fine  of  the  Courfe  22  *",  3Q'     ^    9-96562 

•  to  the  Difference  of  Latitude  59.  j  3  '  -    -    j  .77 1 80 


4  ^  «>. 


3.  Courfe 


m  m  •  j»  * 

3.  Courfe  N  W/W  and  Diftance  48  MileJ* 

.    For  Departure. 

'  -  .      . 

•  .  ....  * 

.As  Radius^  .-.-.,---.    *    19.00000 

is  to  the  Diftance  -  -  48  -  -  -  1.68 124 
fo  is  the  Sine  of  the  Gourfe  56%  15'  -  -  99 1985 
to  the  Departure    -    -    -   39-9^      -    -     ;  1.60 109 

For  Difierehce  of  Latitude. 

As  Radius  ....-^^-  --  ro.ooooo 
is  to  the  Diftance  -  -  -  4S  -  -  -  1.68124 
fois  theCo-fineof  theCourfe  56%  i^' '  -  9-74474 
to  the  Difference  of  Latitude  26.67  -  -.  ^,42596 
*■  '  • 

4.  Courfe  S  ^  W  4  Weft  and  Diftanee  54  Miles* 

For  Departure. 

As  Radius    --    *-" lo.obooqi 

is  to  the  Diftance  •  -  *•  -  54  -  -  i.73^39 
fo  is  the  Sine  of  the  Gourfe  ,-  i6%  51'  ^%m'6% 
to  the  Departure     -    -     -     -     15.67     *•     1.19501 

For  Difference  of  Latitude. 

As  Radius    -.  .---....    .  io.odooo 

is  to  the  Diftance      -      -      -      54    -     -  ^-73^39 

Jo  is  the  Co-fine  of  tJie  Courfe  a  6%  52'  9^9^090 

to  the  Difference  of  Latitude  -.  51*67     -  »^7T3?gr 

5.  Courfe  S  Ei'  S  i  Eaft  and  Diftance  74  Miles; 

For  Departure. 

AjB  R^iius  •  -  -.  -.  -  •*.  *  -  -.  .io.O9pq0 
is  to  the  Diftance  -^  ,•...-  ^74  -  •  .  :iS^^:^ 
fo  is  the  Sine  of  the  Cooifc  -  39°,  22'  v9'^02^,-8 
to  the  Departure^    -    .     -    .    46/94     -     1.67151 

Fo* 


• 

\ 


«C!: 


For  Difference  of  Latitude. 


m 


^ /Radius     ---..-...     10.60006 

.jilb(Q;(Iie  Diftance  .-  ^  -  .  -    -    74    -    •     1.8691^ 

fo  is  the-Co-Sine  oiF  the  Courfe  59^,  22'  -  9.^8824 

to  the  Diffcrencc.of  L,atitude     57.21      -      i.y^j^^f 


•  ':■;  .'. 


Now  thefe  feveral  Courfes  and  Diftances^  toge-^ 
ther  wkk  the  Differences  of  Latitu^  and  Depar- 
tures deduced  from  them,  being  fct  down  in  chcit 
propf:i^C(^mns  in  the  Truvnfi  TaNe^  will  ftand  a$ 
f QlJpilf^  .         ^         '    . 


•>'<«•  '  I 


Tie  TratD'ji  Tatfle, 


^ .. , 


Qourjei^     Diftantes, 


\D{f,  tf  Lot. 


N. 


SSE  •    -    -    64 
■   'S^WJ-Weft    -     54 


/• 


./t 


26.67 


26.67 


w^m 


Dif,  df  Lot. 


S. 


46.57. 
59>3  . 


Departure. 


57.21. 


ZX4.58 
26.67 


i87t9i 


£. 

/f. 

t  V       *    ■ 

3 1  '11 
•4-S 

39-91 

15.67 

46.9* 

« 

102.5; 

5S-S« 

46 


6.97    1    Ptf. 


^ 
I 

f 


\  " 


V 


Hence  h  is  pl^n,  finre  the  Sum  of  the  Northing* 
is  *26.67,  and  of  the  Southings  214.58,  the  Difference 
between  thefe,  viz.  187.91,  will  be  the  Southing  made 
gdbd  by  thg;  Ship  the  laft' 24  Hours',  alfo  tii^  Sum 
Df  the  Eaftings  being  102.55,  and  of  the  Wcftingt 
55.58,  the  Difference  46.97,  will  be  the  Eafting,  of 
Departure,  made  ^d  -by  the  Ship's  laft  24  Hoiirs  1^ 
tcttfequently  to  find  the  true  Courfe  and  Diftanct 
made  good  by  the  .Ship  in  thai  Time,  it  will  be  i)j 
Gflfg  4.  of  Pkmi  Sailing. 
• -^  A* 


r 


J76  P/  PA^we  Atf%. 

As  the  Difference  of  Latliude   -  ^87.91  -  2.27393 

is  10  Radius  ---------     lo.oooco 

ib  is  the  Departure      .     -     -     -     46.97  -  i.SyiSz^ 
to  the  Tangent  of  the  Courfi!  -14",  0/  -  9-39(71 
which  is  S  ^  E  i  EaR  nearly.    Then  ftr  the  Dilt  ' 
it  will  be 

As  Radius  ---..--.-  lo.oooa 
is  to  the  Difference  of  Latitude  137.91  -  2.27^9* 
Ib  is  the  Secant  of  the  Courie     i4°»  03' -  lo.oi^n 

to  iihc  piftance '93-7    -    2-28711 

Coirfeqnentiy  the  Ship  has  tradfe  good  the  lift  sl 
Hours,  on  a  S  i  E  ^  Eaft  Courie,  195.7  Milwf 
and  fincc  the  Ship  is  failing  towards  the  Equator, 
therefore 

Frtim  the.  Latitude  failed  from  -  -  48",  24'  K^ 
take  the  Diffl  of  Latitude  made  good  -     3  ,  08  |  ^ 


there  remains       -------     45^ 

iheXatiiude  tlit  Ship  is  in  North.    And  bccauj 
the  Port  ihe  Ship  is  bound  for  lies  in  the  Lawai 
of  43°,  40'  North,    and  conl'equently  South  of  th^ 
Ship,  therefore 

From  the  Latitude  the  Ship  is  in      -     45°, 
take  the  Latitude  (he  is  buund  for      -     43  , 


«nd  there  remains      - i  »  36 

or  96  Miles,  the  Difference  of  Latitudi.- or  Souili- 
ing  the  Ship  has  to  make.  Again,  the  whole  EbQIt' 
ing  the  Ship  had  to  make  being  1^4  jViiles,  and 
ihe  having  already  made  46.97  or  47  Miles  of  Eart- 
ingi  therefore  the  Departure  or  Eailing  flie  ftillj 
has  to  mak=  will  be  97  Miles.  ConlcquL;ntlv  tofi 
the  direft  Lourfe  and  Diftance  between  die  Ship  and  J 
the  jotwded  Pori,    it  will  be  by  Ci/c  4.   a/  JPiane'^ 

._.      b  At  J 


^f  Plane  Sail^.  :tjy 

As^c  DifFcrence  of  Latitude  -  96  -  -  -1.98227 
i^^to  Radius  -.-*.----  lo.cx^ooo 
Qj^s  the  Departure  -  '^  ^  97  '  ^  1.98677 
jjj  the  Tangent  of  the  Courfe   -  45%'x9''  z 0.00450 


and 


^  As  Radius  -.*---.--  lolobpoo 
is  to  the  DiSerence  of  Latitude  -.  96  «-  -  1.98227 
fo  is  liie  Secant  of  the  Courfe  ••  45^,  19^  10.15293 
to  the  Ditlance  -  -  -  -  -  136.5  -  a. 13520 
whence  the  true  Bearing  and  Diflance  of  the  ipteadcd 
Port  is  SE,  136.5  Miles. 

8.  In  theTfbllowing  Table,  computed  by  Cafe  i. 
of  Plane  Sailings  for  the  more  ready  working  a  Tra- 
vcrfe,  you  may  obferve,  that  in  the  Top  Column  p£ 
^Sich  Page  are  placed  the  Courfesy  be^nning  at  i  D^«* 
gree,  ^and  proceeding  through  the  levenil  Degrees, 
Points^  and  Quarter  Points,  to  45  Degrees,  the  Bc^'- 
torn  Column  beginning  with  45^,  where  the  upper 
ends,  and  proceeding  to  90%  the  Degrees  in  the 
tipper  and  lower  Columns  being  the  Complements 
ofpne  another.  The  two  Side  Columns  in  each  Page 
contain  the  Diftances,  viz.  thofe  on  the  Left-hand 
contain  the  Diftances  from  r  to  50,  and  thofe  on  the 

'  Right-hand  Page  contain  the  Diftances  from  50  to 
130.  .  The  other  intermediate  Columns  contain  Dif- 
ferences of  Latitude  and  Departures,  anfwering  to  the 

'  Courfes  in  the  Top,  and  Diftances  in  theSide  Coluiiifis. 

'T^e-Ufc  of  this  will  be  plain  frooi  the  foUowiag 
ElcsBpks. 


■  ^ 


N  fyampU, 


■■  r 


tilde  and  Departure.  ^yiiiT\r.(pil 

-'■'Ffffii  r-lbofc-1ft'-thfeTb]*;G6ii.i?»Wi'^f6i*'  AT^ints^ 
^^t:h^«it>s-\i  iiPlcfe  'than-  4-  F<iint»;'-o^^4'5^De|ftfes) 

r  eaufe  i"^  Efiftah^  ^  l^S'-than  i^^d4''«hS'6{tt^e 

the  fanne 
of  La- 


■~  •        Exampk'T." 

ill'  >■»-».!  .*.^A 


;    .Sappofe  the  Courfe  N  El^  E,    and  the  BiilaDCc 
•^•76'Mik:s-/^qtHred  the' Difference  of^I^tifude  aad 

?-*^i^*St>)^i   1  took   in   the  Bot«oirn:  GolifrniS'-^fbf''ittc 
;  Courfe,  ^/z.  5  Points  (becaule  k.  exceeds  4:  PdWtSy 
'^'*r  45  Degreed)   and  in  the  Side  GoKiihtt-'to   tfee 
^  •Hight-hand  P^ge.  (becaule  the  Diftance  txcecd^'.^o) 
'    (ferthe  EHftance  76;   then  atbove-  the  Cdurft^-  ind 
-Gil^dke  fan^e  Line  with  the  Diftance,    I  flnd^^^2 
'  *»for  tht  5)eparttire,  aiid  42.2  for  the  DiffcrettC^i^  of 
-•=^lLaritud<^i-:  ■■  '■     ,:•  -'■■.■:■■-■-  •■•■     -«  -^-  ^;'^  .*-/•■•  ♦:^-J . 
If  the  given  Diftance  exceeds  the  Limits  nif"  the 
Table,  i.  e.  be  greater  than  100,  then  that  Diftance 
mutt,  be  divided  intoitwb-or  more  Parts,   each  of 
•which  mwft  be  lefs  or  equal  to  lOo-,  then  find,  as  ia 
-^^•hc-jArtceditig  Examples,  ^he  Differ^nte  of  1  litttitudc 
iaiftd   Dc]parcure    for-  each   tHftance  oAf'^thef  '^^4^11. 
"^  CdurTe;.  and  the'Sum^  of  thefc  Dl^dt^nites  df^^ti^ 
^'^"4:udes'Will'ieltlKi'Difft!refH^  6f  ■L^titud<*''¥^iftlsd  ; 
•  ^  ^Ifo  theSwnvyf-cheDef^'^tu'ffeS'VVil^bfc  th^llDi^mrc 
r  cuiicd.  V  -•-'  -^-o:^ 

-    •  Example. 


..^x:  Suipppfc  ttiq  Coprfc  SW^S^  and  Diftaflcc  146 
JtCtjIc^s ;  required  tke  Difference  of  Latitude  and 
Departure. 

c  Fpft^  1  divide  the  given  DiftancS  intb  two,  viz. 
ipo  4i^d  46}  then  the  Differences  of  Latitude  and 
pepiSM'tp^^anrwertng.tathefe  on  a  SW^S  Courfe^ 
fqundi  iOf  the  Table,  yfili  be  ^  follows,  vi9i, 

;   :.  Caur/e,      .   Vijf^         J)if.  of  Lai,     ticpar. 
SW^S         i<x>|  83.1  55.6 
^           46                38.2  25.5 


146  121.3  81. 1 


J  *  t  *  ^ 


The  Sum  of  the  Differences  of  Latitude,    viZh 

1 2 1.3,  is  the  Difference  of  Latitude  required,  and 

.  the  ^utB;  j^f  the  Deparjtyres,  viz.  81,  i^  k  thp  Depar* 

^;.iure  require^.  .       ,,,.[■         .      . 

-;  ;    After  the  fame  Manner  n)ay  a  Traverfe  he  wrought 

,by  the  Tabic,    viz,  by   finding  the  Diii^rence  oi 

{jjiX^apitu^e  and  Departure, (from  the  Table)  to  each 

.Courf^  and  Diftance,    and   fctting  therti   down  in 

Jo  their,  pfoper  Columns  in  the  Traverfe  Table,  and 

then  worKing  as  in  the  foregoing  Example  of  a  Tra* 

'j^yerlj:. .. 

t.,    .  .  kxanipU^ 

;;;.  ,  Suppofe  a  $hlp  in  the  Latitude  of  ^6*,  43M^orth, 
il  5)ils  ofl^he  foUowing<:oUrfes,  ^z:  S  E  *  S  56^  MU^, 
nSiS^E  43  Miles,  S  iW  64  Miles,  and  NE*N 
^40  Miles')  requifbd  the  Cotirfe  and  Diftance  made 
*  gc6d  ^pon  the  whole;  and  the  Latitude  the  Ship  is 
come  into. 
, .  ,  N  ^  Brji, 


.  Ht;/?,    I  take  from  jJie  l>ble  ihe  DiSercnce  of 
Latitude  and  Depawure  beldnging  to  «ach  Couffc 

.  and  Diftance,    aiid  thcfe  fet  down  in  their  PCOPV  J 
Cblamns  in  thcTravcrfe  Table,  will  ftxnd  as  f^MH 

'Wws:  -7  ■ 


Caatfei.      Dijlancei. 

J>W-l 

r  ut. 

a.;fa«««.     1 

N. 

s. 

E. 

H\ 

SMS    -   ■   ss 

SSE 43 

SAW    -  -     -     64 

NEil^    .    -  40 

,6.6 
39-7 
.  6i.8 

rd 

!..( 

-ii-i 

«., 

3J  3 

149.1 
33:3 

U.S 

•  J                      B^. «/  Z..W 

I15.B 

S?.3^  ff'A 

'-  "Whence  it  is  plain^-that  theDifFefencet)?  Laiituae 
-1W4dc  goodisi  15.8  Miles,  and  the  Departure  is  57:3 
Miles ;  then  for  the  dircft  Courfc  and  Diftance  it  wffl 
'■be,  by  Cafe  4.  if  Plant  SaHw^, 

As  rlie  Difference  of  Latitude  -  1 15.S 
.  is 'to  Radius,  --.---..-  10.00001 
■  fo  is  the  Departure     -    -     -     -       57.3    . 
'  to  "the  Tangent  of  the  Couife  -  26°,  to' 

which,    becaiile  the  Ship  is  failing  between  SouiU 

and  Eaft,  will  be  S  S£  4  Eaft  nearly.     Agaio,  fdr 

the  Diftance  it  will  be, 


ice  II  vmU 

'I 

2.oC3^« 

LO.OQOOt^J 

9,69444 


As  Radim .-._    jto.oaooo 

is  to  the  DifTcrence  of  Latitude  -  U5.8    -  2.06371 
.  ib  is  the  Secant  of  the  Courfe  -  26%  ao'  -  10.047 ^i 


i 


1  the  £>iftaiKe 


la^.i 


■    Aiid  fitKC  the  Ship  is"  Ailing  tow^ds  Ae  Equa- 
^V  ^nd  ccstfequcAiiy  diminmiiDg  ber  Latitude, 


From  the  Latitude  fmied  from  -    - 
iubi^aft.riie  DiSercnoc^  Latitude  - 


■  55'  S"- 


and  theft;  remains  ------    34=,  48'  K. 

,tbe  Liti^uie  th«  Ship  is  come  into. 


Nj 


Aljrg« 


-  .  *^ 
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1. 
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'-*■  •>!} 
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f1 
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•  I 


.^J 


V     '''. 


■I 
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:-n-:iirQ 


<  '  , 


7  f 

?. 

t 

•    /j 
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••      ^ 


r 
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A  Large  and  very  Ufcful 


TABLE 


O  F 


•     r 


Difference  of  LATITUDE   and 

DEPARTURE,   in  Minutes  and 

Tenth  Parts,  to  every  Degree  and 

.  Quarter-Point  of  the  Coaipass, 

for  the  exa^  working  of  a  Tr^verfe. 
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SECT.    VIII. 


Of  Parallel  Sailing. 


I. 


C I N  C  E  the  Parallels  of  Latitude  do  always  de* 
^  creafe  as  they  approach  the  Pole^  it  is  plain  a 
Degree  on  any  Parallel  muft  be  lefs  than  a  Degree 
upon  the  Equator.  Now  in  order  to  know  the 
Length  of  a  Degree  on  any  given  Parallel  of  Lati- 
tude, let  PB  reprefent  half  the  Earth's  Axis,  PA 
a  Quadrant  of  a  Meridian,    and  confequently  A  a 


Point  on  the  Equator^  C  a  Point  on  the  Meridian^ 
and  C  D  a  Perpendicular  from  that  Point  upon  the 
Axis,  which  will  be  fhe  Sine  of  the  Arch  C  P,  the 
Diftance  of  that  Point  from  the  Pole,  or  the  Co- 
fine  of  C  A  it's  Diftance  from  the  £qtiatx>ry  and 
CD  will  be  to  AB  as  the  Sine  of  CP,  or  Co- 
fine  of  C  A,  IS  to  the  Radius.  Again,  if  the  Qua- 
drant iP  A  B  be  turned  round  upon  the  Axis  P  B, 

the 
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Of  Pardkl  Sailing. 
the  Point  A  will  defcribe  the  Circumference  of  the 
Equator,  whofe  Radius  is  AB,  ar^d  any  other  Point 
C  upon  the  Meridian,  will  deicribe  the  Circumfe- 
rence of  a  Parallel  to  the  Radius  C  D. 

Car.  I.  Hence  (becaufc  the  Circumferences  of  Cir- 
cles are  as  their  Radii,  by  Art.  74.  Se£l.  r.)  it  fol- 
lows that  the  Circumference  of  any  Parallel  is  to  the 
Cifcumference  of  the  Equator,  as  the  Co-fine  of  it's 
Latitude  is  to  Radius. 

Cor.  2.  And  fince  the  Wholes  are  as  their  fimil« 
aliquot  Parts,  it  will  be  as  the  Length  of  a  Degree 
on  any  Parallel  is  to  the  Length  of  a  Degree  upon 
the  Equator,  fo  is  the  Co-fine  of  the  Latitude  of  that 
parallel  to  Radius. 

Cor.  3.  Hence  as  Radius  is  to  the  Co-fine  of  any 
Latitude,  fo  are  the  Minutes  of  Difference  of  Lon- 
gitude between  two  Meridians,  or  their  Dirtancc  tn 
Miles  upon  the  Equator,  to  the  Diftance  of  thoft 
Meridians  on  that  Parallel  \n  Miles. 

Cor.  4.  And  as  the  Co-fine  of  any  Parallel  is  0 
Radius,  fo  is  the  Length  of  any  Arch  on  that  Parallel 
(intercepted  between  two  Meridians)  in  Miles,  to  the 
Length  of  a  fimilar  Arch  on  the  Equator,  or  Minutes 
of  Difference  of  Longitude. 

Cor.  5.  Alfo  as  the  Co-fine  of  any  one  Parallel  is 
to  the  Co-fine  of  any  other  Parallel,  fo  is  the  Length 
of  any  Arch  on  the  firft,  in  Miles,  to  the  Length  irf* 
the  fame  Arch  on  the  other  in  Miles. 

2  From  what  has  been  faid,  arifes  the  Solution  of 
the  feveral  Cafes  of  Parallel  Sailing,    which 
follow ; 

CASE     X. 

Givm  the  DifererKc  of  Longitude  between  two  Pbtti 
heth  l^Ttg  on  the  fame  Parallel,  to  find  tht  Diji^'  *" 
tviecH  theft  Plates. 


1 
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•  

Example  i. 

Sappofe  a  Ship  in  the  Latitude  of  54^,  20^  North,, 
fails  dircaiy  Weft  on  that  ParaUel,  'till  ihe  has  dif- 
fcrcd  her  Longitude  iz*',  45';  required  the  Diftancc 
failed  on  that  ParalUL 

Firfty  The  Difference  of  Longitude  reduced  into 
Minutes,  or  nautical  Miles,  is  765',  which  is  the 
Diftance  between  the  Meridian  failed  from,  and  the 
Meridian  come  to,  upon  the  Equator  \  then  to  find 
the  Diftance  between  thefe  Meridians  on  the  Pa- 
rallel of  54*,  20',  or  the  Diftance  failed,  it  will  bc^ 
by  Cer.  3,  of  the  laft  Articky 

As  Radius     ---------     lo.ooooa 

is  to  the  Co-fine  of  the  Lat.  -  54**,  20'  -  9.76572 
fo  are  the  Minutes  of  DifF.  Long.  -  765  -  2.88366 
to  the  Diftance  on  the  Parallel    *  446.1  -  2,64938: 

Example  2. 

A  Degree  on  the  Equator  being  60  Minutes,  or 
nautical  Miles  ^  required  the  Length  of  a  Degree 
on  the  Parallel  of  51'',  32'. 

'By  Cet.'y.  of  the  laft  Article,  it  will  be 

As  Radius     -- lo.oooca 

is  to  the  Co-fine  of  the  Lat,  -  51"* ^  32'  9.79383 
fo  are  the  Min.  in  i  Deg.  on  the  Equa.  60  •  1.77815 
to  -^  .---.-.  ^  37.g2  .  '•57198 
theiMileir  infWering  to  a  Degree  on.  the  Parallel  of 


^\:."   '^ 
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'  Parallel  Sailmg. 
By  tUs  Problem  die  foIJowing  Table  is  conftruclcj, 
flicwing  the  Geographic  Miles  anfwering  [o  a  Degree 
on  any  Pardld  of  Latitude  i  in  which  you  may  ol 
fcrve,  that  the  Columns  marked  ;ic  the  Top  wiih  D.  ' 
contain  the  Degree  of  Latitude  belonging  to  c; 
Parallel;  and  the  adjacent  Columns  marked  at  i] 
Top  Miles,   contain  the  Geographic  Miles  aniWei^- 
ing  to  a  Degree  upon  thefe  Parallels. 

A  Table  Jhe-iving  bow  many  Miles  an/iver  lo  a  DegrH  | 
of  Longitude,  at  every  Degree  of  Latitude. 


D.L. 

M,li>, 

DX 

W/«. 

D./., 
37 

M-r- 

n,L. 

Si 

34-4' 

PA. 
73 

/!«5l 

t 

S9-99 

'9 

5<^-7J 

^1 

z 

!9'97 

JO 

56.38 

3« 

47..3 

56 

H3-!i 

74 

>6.,'a 

3 

59.91 

2.1 

56.01 

39 

46.62 

57 

3^.68 

75 

■!.S? 

4 

59-a6 

12 

55-63 

40 

fi-95 

ss 

51.79 

76 

l+.Jl 

!9-77 

=J 

5  5--a3 

^5.28 

59 

30.90 

77 

13-SO 

_6_ 

i9-67 

s+ 

54.8. 

JL. 

',\-^9 

60 

30,00 

78 

7 

59-5^ 

25 

54-38 

43 

13-83 

61 

29.09 

79 

U.^] 

8 

59-42 

16 

53 -9.1 

44 

+i.,6 

6: 

.8-17 

80 

9 

59.  z6 

27 

5346 

45 

■i-*-4:. 

(13 

^7-H 

81 

59.08 

28 

52.9; 

46 

H-fiS 

6+ 

8x 

11 

58.89 

29 

5^-47 

47 

40,9: 

65 

U'-le 

8i 

?-9 

12 

58.68 

3° 

;,.96 

48 

l£iii 

66 

M-4' 

84 

6.U 

•3 

58.46 

3J 

5143 

49 

3936 

67 

23-4S 

^1 

TS 

'4 

58.22 

3* 

50.8S 

50 

3S.57 

68 

.2.48 

♦■•« 

'5 

57-95 

33 

50.32 

5' 

37. ;6 

69 

21.50 

«7 

3- 14 

i6 

57-67 

34 

19-74 

5^ 

36.94 

70 

20.52 

88 

>.Q9 

'7 

57-37 

35 

49.15 

53 

36- n 

7' 

'9!4 

89 

1.6$ 

13 

57.06 

i6    +8-5+ 

54 

35, z6 

72    iS-ss 

90 

Though  this  Table  only  fhews  the  Miles  anfwetr-  ^ 
ing  to  a  Degree  of  any  Parallel,  whofe  Latitude  cott*  I 
fifts  of  a  whole  Number  of- Degrees,-  yet  it  may  be^ 
made  to  ferve  for  any  Parallel,    whofe  Latitude  » 
forne  Number  of  D  giccs  and  Minuu-s,  by  making 
the  following  Proportion,  viz. 

As  i  Degree,  or  6a  Minutes,  is  to  the  Difivfence 
between  the  Miles  anfwe;lng  to  a  Degree  in  th* 
next  greater  and  nci.!  kfi  T&bulat  Latitude  than 


0/  P^dld  Sailing. 
that  propofed,  fo  is  the  Excefs  of  rlic  proporcd  La- 
titude above  the  next  tabuUr  Latitude,  to  a  a  pro-' 
porcional  Part;  which,  fubcraifted  from  the  Miles' 
anfwering  to  a  Degree  of  Longitude  in  the  nextlefs 
tabular  Lstitude,  will  give  the  Miles  anfwering  to  4 
Degree  in  the  propofed  Latitude. 

Example, 


Required  to'  find  the  Miles  anfwering  to  a  D^ree 

' \z  Parallei  of  56" ,  44'.  ;. 


'irji^  The  next  lefs  Parallel  of  Latitude  in  th* 
'iWe  than  that  propofedj  13  that  of  56",  a  De- 
gree of  which  fby  the  Table)  is  equal  to  33.55 
Miles  J  and  the  next  greater  Parallel  of  Latitude 
in  the  Table  than  that  propofed,  is  that  of  57% 
a  Degree  of  which  is  (by  the  Table),e<}iMil  to  32.68 
Miles;  the  Difference  of  thefe  is  .87,  and  the  Dif- 
kance  between  thefe  Pardleb  is  r  Degrtfe,  or  60 
Winutes;  aifo  the  Diftancc  between  the  jPura/^?  of 
56°,  and  the  propofed  ParaIlel-o(  56",  44,  is  44 
Minute^.;  then  by  tlie  preceding  Proportion  it  will 
iie.  As  60  is  to  .Hj,  fo  is  44  to  .638,  the  Difference 
between  a  Degree  on'  the  Parallel  of  56",  and  a  Dev 
gree  on  the  Parallel  of  56%  44',  which  therefor*? 
taken  from  S3-55)  'lie  Miles  antwering  to  a  Degree 
on  the  Psrailel  of  56',  Jeayes  52.912,  the  Miles  an- 
fwering to  a  Degree  on  ths  ParalUi  of  ^^'^j  44',  as 
Kas  required. 

^.■G  A  S  E    J.  ,  J    J 

Jf  jj^aar;  failtd  i«  am  Parallel  hftifi^^,'  V>^ 
'vice  belme/t  any  nvs  Places  on' tb^^ '^^^XtX  jn^ 

'^J'g ^ find  she  I)if trims  of  Loiipfiidi.- ^  ''' 

^  Example, 
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Of  ParaUel  Saiting\ 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  55",  j6'  Nort 

fails  direftly  Eaft  6S5.6  Miles;  required  bow  m* 

ihc  has  differed  her  L«ngitude.         '     >     '^  r6\ 

■    ■■      .  ;i'..'AKT..<l»!/fi 

By  Cor.  4.  Art.  i.  of  this  Se£licn,  it  will  be 

''   v^ 
As  the  Co-fine  of  the  Lat.  -  55"^  36'     -    9.75202 

is  to  the  Radius lOiOooba 

fo  is  the  DiftaHce  failed     -      685.6     -     -    '2.8j6i 
to  Min.  of  DitF.  of  Long.    -  12 13      -     -    '  3io84a 
•whicii  reduced  into  Degrees,    by  dividing  by;  <J 
makes  20°,    13',    the  Difference  of  LongllwaC"' t 
Ship  has  made.  ■-'•■  sii^ 

This  may  atfo  be  folved  by  Help  of  the  fore^ii^ 
Table,  viz.  by  finding  from  it  the  Miles  ttnfwerinj 
to  a  Degree  on  the  propofed  Pardlel^  and  dividinj 
with  this  the  given  Number  of  Miles,  the  Quotia 
■^vill  be  the  Degrees  and  Minutes  of  Difference  i 
Longitude  required. 

;  ■  Thus  in  the  laft  Example-,  I  find,  from  the  fij,^ 
-going- Table,  that  a  Degree  on  the  Parallet  pf;5i^ 
36',  is  equal  to  33. S9  Miles  j  by  this  I  divide  the  p 
pofed  Number  of  Miles  685.6,  and  the  Quotient  \ 
2«.23  Degrees,  i.  e.  20%  23',  8  the  Difl^ej^je  < 
JLongitude  required. 


I V.  V 75%'  P'ffff^({'  fl/  LoifgHfide  kiween  Hvo  Places  enjH 

•    fame  Parallel,  and  the  Dijtance  betivien  ibem  beivg^vihii  ' 

tt  fad  the  LatUude  cf  that  Parallel.  '    '" 


0  Jiirdd  Stiili^*  ,  ^M' 

A  'Supfjofe  a  Ship  -fails  on  A  certain  Pd^aiiel  dirc&iy 
'(Woft'oa4Mik%and  then  has  differed  her  Longitude 

1 8%  46',  or;ii26  Miles  y  required  the  Latitude  of 

the  ParalUl'fhe  failed  upon. 


»  » 


Jt  ■ 


By  Cor.  3.  yiir/.  i.  of  this  S'eSion^  it  will  be 

.As.Ac.Min.  of  Diff.  of  Long.  Jia6  ,-  g.O£[J54 
is^^atfe  Diftance  failed  -  .-  624  -  ^.^^s^i 
.fo.isJRidius  -  -  -  -  - .  -  -  -  r  10.00000 
to  the*to-Sine  of  the  Lat.  -  ^S''^  21'  -  9.74364 
confequently:  the  Latitudie  .of  the  Shjp,  .QrEnffyillel 
flie  faildJ  upon,  was  56*",  21'. 

.    From  what  has  been.faid^  may  ise  iblyed.the  ibl« 
loHungJiroblenis. 

P  R  O  B    I. 


Suppofe  two  Ships  in  the  Latitude  df  46**,  gt/^ 
North,  diftant  afunder  654  Miles,  fail  both  direftly 
NortK^^^  Miles,  and  Cbmequently  are  come  to  the 
Latitude  4^50*",  46',  North  j  required  their  Diftancc 
-ikitloitPm^liL 

'  -Hf  diri  ^.  /&■/.  I.  of  this  Seflien^  it  Will  be 

As  the  Co-fine  of     ^     *     46%  33'     -     :?rS??j#i 
is  to  the  Confine  of     -*    -    50%  46'     *      9.90105 

fols     ^     - 654     .    •    aP;&jr5^J 

'to    -    -    •    -    -    ^    -    ■"    601.4     -      i. 77922 
'^tbC'Diitence  between  the  Ships  when  on  the  FaraUH 


«  . .  - « 

•  '2         .4 


♦        .»■ 


Pa  l»kO», 


P  R  O  B.     2. 

Suppofe  two  Ships  in  tlie  Latitude  of  45%    4S' 
North,  diftant  846  Miles,  fail  diredtly  North  'till  the 
Diftance  between  them  is  624  Miles;  required  the. 
Latitude  come  to,  and  the  Diftance  failed. 

By  Cer.  5.  Art.  i.  of  this  Self  ion,  it  will  be 

As  their  firfl:  Diftance      -     -     S46     -     - 
is  to  their  fecond  Diftance     -    624     -     - 
fo  is  the  Co-fine  of     -     -     45°,  48' 
to  the  Co-fine    -    -    -    -   59  ,  04 

Confequently  to  find  their  Diffance  failed, 

From  the  Latitude  come  to     -    .    -    - 
lubtra'ft  the  Latitude  failed  fron^     -     - 


and  there  remains 


equal  to  796  Miles,  the  Difference  of  Latitude 
Diftance  feUed. 


J 


3.  Though  in  folving  the  Problems  in  thi^Scffi" 
we  luppofed  the  Earth  to  be  really  fpherical,  yet  ir: 
not  fo,  but  rather  an  oblale  Spberiody  haviog  the  Dia- 
meter of  the  Equator  about  34  Miles  longer  thair 
the  Axis;  which  makes  the  Length' of  a  Degree  on 
the  Meridian,  near  the  Poles,  about  a  Mile  longer 
-  than  the  Length  of  a  Degree  near  the  Equator }  and 
the  RaMi  of  the  ParaU^k,  inftead  of  being  Sines  in  a 
Circle,  will  be  OrdinaSts  to  the  lefier  Axe  of  an 
ElUpfe.  Confequently  the  true  Length  of  a  Degree 
•  on  any  ParalUl  will  fomcwhat  differ  from  it's  Length, 
on  the  Suppofition  of  the  Earth's  being  a  Sphere; 
but  this  Ditfcrence  is  fo  fmall,  that  in  all  r.aaticai 
C^Tes  it  may  fafely  be  nc^lc<lt:d. 

I    -  SEC 


MSlrLatllHdrSaih'ng. 


,      ,  ,  -,     SECT.     IX. 

;  ",  -Of  Mddle  Latitude  Sailing. 

k^XrHEN  two  Places  lie  both  on  the  fame 
'"  Parallel,  we  Ihewed,  in  tJie  Uft  Seftion, 
flow  frorti  the  Difference  of  Longicutie  given,  to 
find  the  Miles  of  Ealling  or  Welling  between  them, 
6?  e  cenifa  -,  but  when  two  Places  lie  not  on  the 
fame  Porrllek  then  their  Difference  of  Longitude 
cannot  be  reduced  to  Miles  of  Eafting  or  Wefting 
on  the  Parallel  oi  ciihzv  Place;  for  if  counted  on  the 
Parallel  oi  that  Place  that  has  the  greateft  Latitude, 
it  would  be  too  fnullj  and  if  on  the  Paralid  of  that 
Place  having  the  leaft  Latitude,  it  would  be  top 
great.  Hence  the  common  Way  of  reducing  the 
Difference  of  Longitude  between  two  Places,  iying 
on  different  Parallels,  to  Miles  of  Eafting  or 'Vy'cft- 
ing,  ^  e  contra,  is  by  counting  it  on  the  middle  Pa- 
rsilei  between  the  Places,  which  is  found  by  adding 
the  Larhudes  of  the  two  Places  together,  and  taking 
Half  the  Sum,  which  will  be  the  Latitude  of  the 
middle  Parallel  required.  And  hence  arifes  the  Sq- 
liition  of  the  following  Cafes. 


CASE     I. 

'the  Latitudes  e/  two  Places,    and  Ibcir  Difference 
of  Lovgiutde  given,  to  find  the  direS  Courfe  and  Dif- 

fance. 


Required  the  dircift  Courfe  and  Diftance  bctweeti 
flje  Lizard,  in  the  Latitude  of  50%  00'  North,  and 
"*■■'"'■*  P  3  i-ongi- 


J-ongitude  of  50°,  14'  W,  and  St.  Fiitcent  m  theLa-^' 
litude  of  17°,  10'  N.  and  Longitude  of  24",  2b' W",'|_ 

F'tji,  To  the  Latitude  of  the /.izurii  -  50' 
add  the  Latitude  of  5'^  ^/«ff»/     -     -     17 


» 


The  Sum  is   -    -    -    -    T    -    - 
Half  the  Sum,  or  Latitude  of  7 

the  middle  Parallel    -     -      J  " 

Alfo  the  Difference  of  Latitude  is  -     32  . 

equal  to  (970  Miles  of  Southing.  Again, 

From  the  Longitude  of  St.  Vincent  -     20%_20' W. 

take  the  Longitudp  of  the  Lizard  ?  '  05  ,'  14 

tRere  remains     -     -_.-..     19,  06 
equal  to  1146  Min.  of  DlfF.  of  Long.  Weft. 

Then  for  the  Miles  of  Wefting,  or  Departure,  U  wil 
be,  by  Cafe  i.  of  Paralid  Sailcn^^ 


As  Radius  -  -  -  - 
is  to  the  Co-fine  of  the  "I 
middle  Parallel  -  J 
fo  is  Min.  Dfff.  of  Long, 
to  the  Miles  of  Wetting 


1 146     - 

954-7 


And  for  the  Courfe  it  will  be,  by  Cafe  4, 
Sadir.z, 


jo.oaooq' 
9.92069 

3-05918^- 
2.97987 

.  ef  Plants 


1 


As  the  Diff.  of  Lac. 


1970 


J  to  Radius  ---------     lo.ooooq 


2.97987- 
9.6854.0 


fo  is  the  Departure      -      -      954-7 
to  the  Tang,  of  the  Courfe    25°,  51 
wliich,   becaufe  it  is  between  South  and  Wcfl^ 
be  S  S  W  -1-  Weft  nearly. 

For  the  Diftancc  it  will  be,  by  the  fame  Ca/«, 
As  Rad'ius     _-.-_..._     10.00000 
is  to  the  D:ff.  of  Lit.     -     1970    ■    -     -    3.29447 


1 

1 


^  '*•'■■■•-'-■  '.  - .  *  / '^ 

(S.isjthc  Secant  pf  the  Courfe" 25°,  51'  7  19.04579^ 

whence  the  direft  Couffc  ahd'Diftahce  from  the  i^.""^ 
zard  to  St:  Fincm^  is  §  S  W  |  W,  21 89  Miles.  ;    ^.^ 

C  A  S  E  /J 

'      ■  I  ■■    . 

0 

One  Latitude,  Courfe^  and  Difiance  failed^  hein^  given i- 
fo  find  the  other  Latitude  and  Difference  of  Lpngiiude. . 

■  ■  ;  •  •   •  "       •  .  '  '    '    y 

... 

Example, 

/■"■"■  •  -  ■      »    ■  "^ 

Suppofe  a  Ship  in  the  Latitude  of  50%  00'  North*  . 
fails  South  50%  06' Weft  150  Miles;  required  the 
Latitude  the  Ship  has  come  to,  and  how  much  flie 
Jias  differed  her  Longitude. 

'Fiffi,^  For  the  Diflfererice  of  Latitude  it  will  be* 

by  Cafe  i .  of  Plane  Sailntg^    ... 

As  Radius  rrr--^---  10.00000 
isrta  the  Diftance  -.  -  -  150  -  -  2.17609 
fp  is  the  Co-fine  of  the  Courfe  so"",  o6\  9.80716 
to  ihe plff.  of  Latitude  -  96.22  -  -  1.98325 
(squSTu)  i"*,^  36':  And  fince  the  Ship  is  failing  to- 
Wa^d^  the  IJquator,  therefore, 

From  the  Latitude  fhe  was  in  -  •  50**,  00'  N, 
faifce  the  Diffi!rence  of  Latitude    -    -       1°,  ^&  S. 

jmd'thf  re  remain*     -    -    -    -    -    -    48*",  24'N, 

tlfe  Latitude  flVe  has  come  to  North.  Confequently 
the  Lati:\vJ^  of  -he  middle  Parallel  wilf  be  49*^^ 
12'.  . 


_4 


,,.'^hcn'  foY  D  f ;;  .Jsre  or  Wcftirig  it  will  be,  by  the 

?  4  .As 


I 

I 


As  Radius  _---------     io.oooo»' 

is  to  the  Diftance  -  -  -  150  -  -  .  2. 17609 
fo  is  die  Sine  of  the  Courfe  50°,  06'  -  9.S84S9 
10  the  Departure      r     -      -      1151       -      2.06098 


and  for  the  Difference  of  Longitude  it  will  be. 

Cafe  t.  ef  J' lane  SaiHytgy  ,, 


AsiheCo-fineqf  themiddlci'<jrfl//e/49',i2'  9.8151^1 
is  ro  Radius  ---------     10.00000 

ib  is  the  Departure  -     -     -     -     115.1     -     2.06098 

to  the  min.  Diff.  of  Longitude  176.1  -  2.24579 
equal  to  2",  56',  which  is  the  Difference  of  Longi- 
tude the  Ship  has  made  Wefter]y. 


CASE 


Courfe  and  'Difference  ef  Latitude  gherty   to  find  tb^ 

T)iftance  failed^  and  Difference  of  Longitude. 

Example,  \m 

Suppofe  a  Ship  in  the  Latitude  of  53  ",  34'  North? 
fails  S  E  ^  S,  'till  by  Obfervation  ftie  is  found  to  be 
in  the  Latitude  of  51°,  12',  and  confequently  has 
differed  her  Latitude  2°,  22',  or  142  Miles; 
giiired  the  Diftance  failed,  and  the  Difference 
Longitude. 

Firji.,  For  the  Departure  it  will  be,  by  Cafe  3. 

Plane  Sailings 

As  Radius  --^---i;:.  10.00000 
is  to  the  Diff.  of  Latitude  -  142  -  -  2.15229 
fo  is  the  Tang,  of  Courfe  -  33°,  45'  -  9.S2489 
to  the  Departure     -    -    -    94.88    -    -     i.^yjiS 

^d  for  the  Diftance  it  will  be,   by  the  fame  Cafif 


4 


1 


^ddle  Latitude-Sailing.  3^7 

As  Radius     ---------  10.00000 

is  to  the  Diff.  of  Latitude     14.2     -     -     -  2.15229 

To  is  the  Secant  of  the  Courfc  33°,  45'    -  10.08015 

10  the  Diltance     -     -     -     -     170.8       -  2.23244 

Then,  fince  the  Latitude  failed  from  was  53",  34*  . 
Nortii,  and  the  Latitude  come  to  51",  12'  North,  ' 
therefore  the  middle  Parallel  will  be  50'',  23',  and 
conlequently  for  the  Difference  of  Longitude,  it  will 
be  (by  Cafe  2.  of  Parallel  Sailing) 

As  the  Co-fine  of  the  mid.  Parallel  ^t."  ,  23'   9.78^^0 
is  to  the  Departure     -     -     -     -     94.88        J.9771S 

fo  is  Radius     ---------    10.00000 

tQ  min.  of  Diff.  of  Longitude  -  155.5  2.19158 
equal  to  2°,  35',  the  Difference  of  Longitude 
Eafterly. 


CASE    4- 

Difference  ef  Latitude  and  Dljlance  failed  given^  to 
f  ltd  the  Courfe  and  Difference  of  Longitude. 


W. 


Example. 


Suppofea  Ship  in  the  Latitude  of  43",  26'  North,  ' 
fails  between  the  South  and  Eafl:  246  Miles,  and  then 
is  found  by  Obfervation  to  be  in  the  Latitude  of 
41°,  06'  North;    requireti  the   direft  Cffurfe  and 
Di^rence  of  Longitude. 

Firfi,  For  the  Courfe  if  wjU  be,  by  Cafe  3.  of  Platti 
Sailings 

As  the  Diftance      s      s     ;      246      -      2.39094 
is  to  Radius        •        9        ;i        ,      *      10.00000 

fo 


^1  ft'  S^^i\Laitttuk  SiH^g. 

fois  tlic  Diff.  of  JLatitude  -  140  .  .r  -y  i*^i4^i^g. 
tdtficCd-finc  ofthe  Courfe  55*",  19'  -  9/?S5iSt: 
vrWch, .  hecaufe  the  Ship  fails  between  South^vTaiicil 
3^,  will  be  South  55%  19'Eaff,  or  S  E  ^  E  qe^Vt^J 


Then  for  Departure  it  will  be,  by  the  famc'Ga/^^-..,* 
As  Radius     ---------     1 0.06000 

iaucb  the  Diftance    -    -     246    -    ^     -       Ci,;3gp!^j^\ 
^is-theSine  of  the  Courfe    g^^^j  19'     -     9.9^56^1 ' 
loathe. JPoparture    -    -    r    202.3      -    r-   2.3059C11 

Lajfiyj  For  the   DiSfercnce  of  Longitude  it  wilf 
be,  thsfdCafe.o..  of  Parallel  Sailings  . .  .-^ 

A?  thfc  Co-fine  of  the  ji^id*  Par.  42^,  i&      Jj.S^a^j 
laftokkhe  Departuns'    -     -    -     202;3     -".  i^y^S^M 

fa  is  Radius     .--- jo\  00066^ 

to  min.  of  DifF.  of  Longitude     273.3      -     2.43674 
equal   to  4*',    33'  .Ap .  Pi^ctchcc    pf  Longitudlff 
Eafterly,  .'v^; 

■J -         '  -' -\\  >p 

C  A  SE    5-  •    .t.4, 

Ccurfe  and  Departure  given,  tvfind  Difference  of  Jj^^^^^ 
tUttde^  Difference pf^LongUude^  and  Difmnce f^kd. . .  ..^^ 

Example. 

SuppOfe  a  Ship  in  the  Latitude  of  48^,  23'Northy 
fails  S  W  ^  S,  'till  fhe  has  made  of  Wetting  123  Mili^ 
required  the  Latitude  come  to,  the  Difference  of - 
Eongitudc,  and  the  Diftance  failed. 

Firji,  For  the  Diftance  it  will  be,  by  Cafe  6.  of 
Plane  Sailing j 


.V 


m 


^  the  Sine  of  the  Courfe  -   3^3^;  45*  ^  'c(.fj^]^^ 

irf#) the Depar ttrtr    -    *  .•12*3'    •-'  *•    s.cS^^r: 

fa  is  Radius    ^    •    -    •  -    -    -»     -  >r  xo;ooDdcr 

to  rhe  Diftance    •*    ^    ^  -      221.4  -    2.34517 

And  for  the  Difference  of  Latitude  it  will  be,  by  th^' 

fd,mc  Cafe^  ■  .    .. . 


"•  I   % 


As  the  Tang,  of  Gourfc    -^    33%  45'      >    9.^489: 
jsto  die  Departure    -    -    ¥■    1*23     -     -    z.o^^^t 

to  the  Diff.  of  Latitude    -    -     1 84      -      2.2  d^o? 


\    r...-,. 


equal  to  3%  04';  and  fince  the  Ship  is  failing  towards' 
the  Eqiutor,  the  Latitude  come  to  will  be  4^%  19' 
l^owh,  atid  confequently  the  middle  PanriJJr/  will  be  . 

4«%  51' N. 

TheW  to  find  the  DifFerehcc  of  Longitxide  it  will  faci 
by  Cafe  2-.  of  Parallel  Sailings 

As  the  Co-fine  of  mid.  Par.  46^ ,  51'     .    9.8350a' 
is  to  the  Departure        ^        123        -        2.08991 
f6  is  Radius        -        -        •        -      -      10.00000 
to  min;  of  DifF.  of  Longiti      -   M8d      -    2.25491 
which  is  equal  to  3%  op',  the  Difference  of  Longi-<^ 
f pde  Wefterley.  "* 

C  A  S  E    6. 

Vifirence  of  Latitude^  and  JDipariire  gw^  to  fid. 

(ieurjey  Dijiancej  and  Difference  of  Longitude. 


JExampU. 

Suppofe  a  Ship  In  the  Latitude  of  46%^/  North; 
fails  between  South  and  Eaft,  'tiU  flie  has  made  of 
p^aadipp  146  l^^iles,   aK^  is  l^hen  found  by  Obfer^ 

vatioa 

i 


«ft6  7\4iddk  LMtitude  Sailing. 

yation  to  be  in  the  Latitude  of  43",  24'  North  ; 

required  the  Courfe,    Diftance,   and  Difterencp  of 


L^jgitude. 
'  Firjiy  By  Cafe  4.  ef  Platte  Sailings  it  will  be  for  die 


(^ourfc, 

As  the  Diff.  of  Latitude  -  igj  -  -  4.285^1 
15  to  Departure  -  -  -  -  146  --  -  2.16435 
ib  is  Radius  ---',--.--'-  10.00000 
to  the  Tang,  of  the  Courfe  _  37",  6'  -  9.87879 
which,  becaufc  the  Ship  is  failing  between  South  an^ 
Eaft,  will  be  South  37°,  6'  Eaft,  or  S  E  i  S  ^  Eaft 

yearly.  

W  '*■ 

■r'^ortheDiftanceitwiil  be,  by  the  fame  Cafe,    ^H 

jRs  Radius     -----_.,.  10.00000 

is  to  the  Diff.  of  Latitude     -     193     -     -  2.28556 

fo  is  the  Secant  of  the  Courfe    g;",  6'    -  10.09822 

to  the  Diftancc     -    .    _    .  241.9      -  2.3^37$ 

Then  for  the  Difference  of  Longitude  it  will  bc^ 
by  Cafe  2 .  of  Parallel  Saititigy 

As  the  Co-fine  of  the  mid  Par.  45*,  00'    9.8494^ 
is  M  the  Departure    -    -    -    -     146    -     2.16435 

fo  is  Radius      -      -------     10.00000 

to  min.  of  Diff".  of  Longitude  206.4  -  2.31486 
«qoal  to  3°,  26',  the  Difference  of  Longicuile 
fiafterly: 

CASE    7. 

Biftance  and  Departure  gvvett,  to  find  Difference 
I^iitudst  Ccitrfit  ifttd  Dtff?rcnc{  of  LoTt^t^de. 


A 


Kxmftf, 


Middle,  Latitude  Saili»Fi  ft  it 

r       a  »■....,.       ^.'  .    ..  ,■ 

,  Example*    ^  ^      • 

Suppofe  a  Ship  in  the  Latitude  of  33*^,  40'NcrtJfi, 
fails  between  South  and  Eaft  ^6s  Miles,  and  has 
then  made  of  Eafting  11 2.5  Miles;  required  the 
Difierence  of  Latitude,  Courfe,  and  Diference  of 
Longitude* 

Firfty  By  the  Courfe  it  will  be,  by  Cafe  5.  of 
JPloM  Bailings 

AsthcDiftance      -      ,.    -      165  -  *  a.21748 

is  to  Radius    ---    -    --     -  -  -  10,00000 

fo  is  the  Departure     <-     112-5     '-  -  -  1*051 15 

to  theJSine  of  the  Courfe    4^%  59'  *  -  9.8336^ 

which,  becaufe  the  Ship  fails  between  South  and 
Eaft,  will  be  South  42  %  59'  Eaft,  or  S  E  ^  S  ^  Eaft 
nearly. 

And  for  the  Difference  of  Latitude  it  will  be,  by  the 
fame  Cafe^ 

As  Radius  -  *  -  -^  -  -  •*-  -  -  10.06006 
isto  the  Dift^nce  ..-•  ^  165  -  -  -  2.21748 
fo  is  the  Co-fine  of  the  Courfe  42 "",  59'  -  9-86^36 
ta  tHel3iffi  of  Latitude    -    - '  120.7   '  *     2.08 1 84 


'>equal.t0  2'*,  00';  confequenrly^the  Latitude  come  to 
'.will  be  31*",  40' North,  and  the  Latitude  of  thfe 
-middle  PtfTtf/WwUl  be  32%  40',  Hence  to  find  thfe 
dOifferencc  of  Longitude  it  will  be,  by  Cafe  2.  of  Pa^ 
'rallel  Sailings  ''. 

-As  the  Co-fine  of  the  mid.  Pan    32%  40'    ^-^'^5^%% 
is  to  the  Departure     z    i    '".    ^ii^-5      i'    2.051 15 


MS  Radius  -  -  --.--.  lo.oooCa 
xa  min.  of  Diff.  of  Long.  -  13J.6'  •  2.12593 
equal  to  2°,  13'  ncariyj  theDifFerence  of  Longitude 
Eafterly. 


CASE 


I 


^  tJiferme  of  Longiiude  and  Departure  giv/in.,  io'^ 
Hjiffrm/I  '^  Latitude,  Ceurfe,  and  Viftimce  faU^ 

:~'-  ■  -  Example. 

Suppofea  Ship  in  the  Latitude  of  50',  46' Nor^j 
(fails  between  South  and  Weft,  'till  her  Difference  of 
■Longitude  is  3°,  12',  and  is  then  found  to  bavE 
(departed  from  her  former  Meridian  J26  fdilcS'.i 
required  the  Difference  of  Latitude,  Courfe,  and 
JJiftance  lailed. 


Firjt,  For  the  Latitude  Ihe  has  come  to  it 

by  Ca/e  3.  ef  Paralkl  Sailing, 


As  Min.  of  Diff.  of  Long.    *    192      -    -    2.283JJ 
is  to  Departure     .     -     _     .     126      -     -     2.100^7 
,fo  is  Radius    --------    -  lo.ooodo 

to  theCo-fineof  thcmid.^dr.  48s  59'    -   9.81705? 

Now  fince  the  middle  Latitude  is  equal  to  Hal£' 
Sum  of  the  two  Latitudes  {by  j^t.  i.  of  this  Si 
and  fo  the  Sum  of  the  two  Latitudes  equal  to  doubT 
the  middle  Latitude;  it  follows,  that  if  from  double 
;the  middle  Latitude  we  fubtraft  any  one  of  the  La- 
^tydes,  the  Remainder  will  be  the  other.  Heooe 
from  twice  48%  1^^',  viz.  97',  58',  taking  50V  46' 
ihc  Latitude  failed  from,  there  remains  47',  12'  the 
Latitude  come  10.  Confcquently  the  E 
Latitude  is  3%  34',  or  214  Minutes. 


ubS^ 


■•«»■•■■■,•. 


M4^  tatimSe  ;S«i%.  pas 

l^hcsi  for  the  Qowrfe  it  y?m  be,-  byC^jS^  4^^ 

A$  Diff., of  trat.  -  .-  -  2t4  -  -  -  2.33041 
is  to  Radius —  -*-..-  -  •  -  -  lo^boooo 
fo  is  the  Departure  -  -  T26  -  -  -  2..ioo37 
tOjtheTw^/of  jthe.Courfe^o%  2^'  -  .9.76^96 
wliich,  lb?caule  :it  is  tetween  South  and  Weft,  wiii 
be'South30%  2^*  Weft,  or  S  S  W  :J  Weft  nearly.- 

And  for  the  Diftancc  it  will  be,  by  the  fame  Caje^ 

As  Radius  -  "  -  -  *  •  •  •  10.00000 
is  WJdie  Diff.  of  Lat.  -  -  214  -  -  "^-ZZ^A^ 
fo  is  Ohe  Secant  rf" the  Gourfe  30 ''^  29'  -  101064^1 
,c©itlie  Diftance    ^    .•*    -    *    24B.4  ^  -      2.39502 


•fc.  •' 


2.  From  what  has  been  faid,  it  will  be  eafy-A> 
folve  a  Traverfe,  by  the  Rules  of  Middle  Latitu^ 
Sailing. 

.     '.  '    ■  :    1  -        ■        % 

...  .  t  ■    ., 

Example. 

.  .    .  0    .  .•'■•-.■.■■'. 

-  ^  Suppofe  a  Ship  in  the  Latitude  of  43^^,  $j5'ffc«rtJ^ 
::&ibcupon  the  following  Gcurfes,  viz.  S  W  ^  S  63 
^Mileiv.S'SWi  Weft 45 Miles,  S^^  E  54 Miles^  *aitt[ 
S  W  ^  W  74  Miles  •,  required  the  Latitude  the  Ship 
rias"  cKwiie"t%  and  Ik>w  far  Ihehas  differed  bierr  Lon- 
'  nttide.;*  tc  .1   V;>^  '^ 


-•>^J'J&>:^^-By  'C^-z.  of  this  ^^SL  find  tk6  Difference 
-ofiLatitddc, Had  Difference  <^  Longitude  belonging 
^mi:du:h  Courfe  and  Diftance,  and  they  will  ftand  as 
^3^1  t]be  following  Table. , 


l^'^I^nceitis  plain  the  Ship  has  differed  her  Lgcill 
'l'S5.2  Minutes,  or  3°,   6',  and  i'o  has  come  to  \ 
Latitude  of  40%  19' Ngrth,  and  has  made  of  DiH 
fence  of  Longitude  143.80  Minutes,  or  2°,  23', 
^etterley. 

3.  This  Method  of  failing,  though  not  ttaOif 
"jtrye,  yet  comes  very  near  the  Truth,  as  will  Ije  er*- 
^eat*  by  comparing  an  Example  wrought  by  ihil 
Jlethod,  with  the  lame  wrought  by  the  Method  de- 
livered in  the  next  ^e^ian,  which  is  ftrictly  true, 
fills  Method  however  ferves  without  any  confidert 
rror,  in  Runnings  of  450  Miles  between  the  £^ 
iof  and  Parallel  of  30  Degrees  -,  of  300  Miles  bctw.  _ 
that  and  the  Parallel  of  60  Degrees  j  and  of --t^ 
Miles,  as  far  as  there  is  any  Occafion,  and  confeqw 
ly  muft  be  fufficiently  exai5t  for  2+  Hours  K^a 


S  E  C  T.    X. 

if  O  JMei cater  B  Ssiftiig. 

i.-'TpHO'  the  Mmdioin  do  all  meet  «1.^ 
■  •*  snd  '  the  ParalUh  to  the  Equdicr  do  \ 
tinually  decreafe,  and  that  in  Proportion  to  thcC 
fines  of  their  Latitudes  j  yet  in  old  Sea  Cbarts  \ 
Mtridi 


M&iiiiMs  were  drawn  parallel  lo  uae  arlotKcr,  and 
confequenciy  the  Parallels  of  Latitude  made  equal 
lo  the  Equaior,  and  io  a  Degree  of  Longitude  on 
any  Parallel^  as  large  as  a  Degree  on  the  Equator  i 
alfo  in  thefe  Chans  the  Degrees  of  Latitude  were 
ftill  reprefenced  (as  they  are  in  themrdres)  equal  to 
each  other  and  to  thole  of  the  Equateir.  By  thefe 
Means  the  Degrees  of  Longitude  being  increared  be- 
yond their  juft  Proportion,  and  the  more  fo  the 
neaccr  they  approach  the  Pole  ;  the  Degrees  of  La- 
titude at  the  fame  Time  remaining  the  fame,  'tis  evi- 
dent  Places  muft  be  very  erroneoully  marked  down 
upon  thefe  Charts,  with  refpcift  to  ihcir  Latitude  and 
Longitude,  and  confequentty  iheir  bearing  from  one 
another  very  falfr. 

a.  To  remedy  this  Inconvenience,  fo  as  dill  i6 
Vet^lht  Meridians  parallel,  'tis  plain  we  muft  pro- 
traft,  or  lengthen,  the  Degrees  of  Latitude  in  the 
fame  Proportion  as  thofe  of  Longitude  are,  that  fo 
the  Proportion  in  Eafting  and  fVeftitig,  may  be  tht 
fame  with  that  of  Southing  and  Northing,  and  confe- 
quently  the  Bearings  of  Places  from  one  another,  bet 
the  fame  upon  the  Chart  as  upon  the  Globe  itfclf. 

3-  In  the  annexed  Scheme  let  ABD  be  a  Quadrant 
of  a  Meridian,  A  the  PoUj  D  a  Psint  on  the  E'lualor, 
A  C  half  the  Axis,  B  any  Point  upon  the  Meridiani 
from  which  draw  B  F  perpendi- 
cular to  A  C,  and  B  G  perpen- 
dicular to  C  D-,  then  B  O  will  be 
the  Sine,  and  B  F  or  C  G  the  Co- 
fine  of  B  D  the  Latitude  of  the 
Point  B  :  Draw  D  E  the  Tangent 
and  C  E  Secant  of  the  Arch  B  D. 

It  has  been  demoiiftrated  in  Se£i. 

Vm.  that  any  Arch  of  a  Paraliei,    C  ft       J>-l 

b  to  the  like  Arch  of  thi  Equater-t  as  the  Co-fine  of 
the  Latitude  of  that  Parallel  is  to  Radius;  thus  inj 
Atch  as  a  Minute  on  the  Parallel  delcribed  by  the 
O  Pmt 


Feint  B„  wUl  be  to  a  Minute  on  the  Eftat^n,  SSJ, 
.or  CG  is  to  CD  ;  buc  ftncelbe  Triangles  .CGB*  JT' 
arc  fimilar,  tlicrefore  (by  j-lrl.  ■/  3,  ^e&i.  I.)  CG  wlU  k 
toCD  asCB  is  to   C£,  ;.  e.  the  Co-line  of  j 
Perdltl  is  to,  Radius  _^  RaSus  is  to  the  Secant  J 
,tlie  Latitude  of  tim  .Puralld  \  but  it  fas  been  j 
.now  fhewii,  that  the  Co-fine  of  any  .P«rff/W  ia-d 
.Radius^  as  the  Length  of  any  Arch  as  a  Mitiuie  tf 
rfiAt  Parallel^  is  to  the  Leagth  of  ihe_like  Arch-(i 
ihe  Equator :  Therefore  the  Length  of  any  Afcli  H, 
Miniite  on  any  Parallel^  is  to  Uie  Ler.gtU  of  thfeia 
Arch  on  the  Equator,  as  Radius  is  to  the  Secantof  « 
Ltttitiuleof  that  Ptfr.s/^'f/i  and  fo  the  Lengtji  of  d' 
Arch,  as  a  Minute  on  the  Equator,  is  longer  thwio 
like  Arch  of  any  Parallel  in  the  fame  Proportiaiv4 
,th5  Secant  of  the  Latitude  of  that  Parallel  is  SO  Rad^ 
But  fince  in  tliis  Proirftion  the  Meridians  are.f 
■jel,  and  confcqu^ntiy  <nchPara!!doi  Latitude  sqij 
^o  the  Equator,  'tis  plain  the  Length  of  any  Arch,  «fl 
^nuie  on  any  ParaU(:L,  is  increafed  beyond.it**  jd 
jpropordon,  at  fuch  Rate  as  the  Secant  of  the  Xir 
(ydeof  that  P^rji//f/ is  greater  than  Radius \  andthci 
fore  to  keep  up  the  Proportion  oi Northing  t-vt^Svn 
(igi  to  that  of  Easing  and  fVeJiirtgy  upon  diiaChl 
as  it  is  upon  the  Globe  itieif,  the  Lengtii  of  a  Miai^ 
pp.on  iJw  MeriSm  at  any  PartlUl,  oiuft  alfo  he^ii 
oreafed  beyond  it's  juit  Proportion  at  the  I'aate  ftaM 
i.'t.  -as  the  Secant  of  the  Latitade  of  that  i%rdAWfl 
greater  iXii-n , Radius-,.    Thus  to  6nd  the^Leogp'^'"" 
Minute,  upOD'the  Ivlerwaii  at  the  Latifudci 
gr^es,  fuice  a  Minute  of  a  Miridian  is  a 
cqiifl  on  the  Globe,  and  alfoequal  io«.& 
th*  fjKiT/ci',  let  it  be  ireprefented  by  lib: 
"TJTtipg  it.Ag  Radius  is  to  the  Secant  of  75 1 
S^is  Ut»;y  to  a  fourih  Niimber>  which  is-ijifl 
'bear])',  ,^cli%?op'"iy'^'Wly  by  whaicvAr  Line:.', 
pr<!'ent  one  Minote  on  the  E^attr  of  tb:3.Ch2n;;.-l . 
Le'igvh  flf  one  Minute  on  the  enlarged  MmdjMA 


irfie  Latitude  of  75  Degrees,  or  the  Diftance  between 
the Paralkl of  y 5° i  oo\  and  the  i'jrtf/i/ of  75°,  01', 
will  be  equal  to  3  of  iliefeLines,  and -j^^*^  of  one  of 
them.  By  making  the  fame  Proportion  it  will  hz 
found,  that  theLengihof  aMiniiieon  the  Mcridiivi 
of  this  Chart  at  tlie  Parallel  of  60°,  or  tiic  Dillance 
'  between  vhtFeralkl  of  60",  00',  and  tUat  of  60°,  01' 
is  equal  to  2  of  thefe  Lines.  After  the  tame  Manner, 
the  Length  of  a  Minute  on  the  enlarged  Meridian, 
may  betoundat  any  Latitude  \  and  confequently  be- 
ginning at  the  Eq^uator,  and  cotnpiumg  the  Lengih 
of  every  intermediate  Minute,  between  chat  and  any 
Parallel,  the  Sum  of  all  thefe  fhall  be  the  Length  of 
a  Meridian  intercepted  between  ihe  Eauetor  and  that 
P^aliel;  and  the  Diftance  of  cachDegrce  and  Minnie 
of  Latitude,  from  the  Equator  upon  the  Meridian  of 
.-this  Chart,  computed  in  Minutes  of  the  Ei^uatcr, 
forms  what  is  commonly  called  a  Table  of  Meridional 
Pares. 

If  the  Arch  B  D  rcprcfcnt  the  Latitude  of  any 
Foist  B,  then  (CD  being  Radius)  CE  will  be  the 
Secant trf that  Latitude;  but  it  has  been  (hewn  above, 
■that  Radius  is  to  the  Secant  of  any  Latitude,  as  the 
Length  of  a  Minute  upon  the  Equiiter,  is  to  the 
Ixngth  of  a  Minute  on  the  Meridian  of  this  Chart  at 
that  Latitude  ;  therefore  C  D  is  to  C  E,  as  the  Length 
.of  a  Minute  on  the  Equator  is  to  the  Length  of  a 
JuJiflutc^pon  the  Meridian,  at  the  Latitude  of  the 
Paint  B.  Confequently  if  the  Radius  C  D  be  taken 
equal  to  the  Length  of  a  Minute  upon  the  Equator 
CE,  or  the  Secant  of  the  Latitude,  will  be  equal  to 
the  Length  of  a  Minute  upon  the  Aiaidiafi  at  thac 
JLatitude.  Therefore,  iti  general,  if  theLtngth  of  a 
Minute  upon  the  Equator  be  made  Radius,  the  Length 
-•fa  Minute  upon  the  enlarged  Meridian  will  be  every 
vhcre  equal  to  the  Secant  of  the  Arch  contained  be- 
twcen  it  and  the  Equator. 
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'  Cor.  t.  Henre  it  follows,  fines  the  Length  of  e»ety 
intermediate  Minute  between  the  Eauetor  and'  iny 
Parallel^  is  equal  to  the  Secant  of  the  Lacitndc'(rht 
Radius  being  equal  to  a  Minute  upon  the  Etpiatsji)  cttC 
Sum  of  all  thcfe  Lengths,  or  the  Diftance  of  that 
Parallel  on  the  enlarged  Meridian  from  the  fijiWd^*" 
will  be  equal  to  the  Sum  of  all  ihc  Secants,  to  e*ert 
Minute  contained  between  it  and  the  Equator. 

2.  Confequently  the  Diltance    between    any  1 
Parallels  on  the  lame  Side  of  the  Equator^  is  equxV-l 
the  Difference  of  the  Sums  of  all  the  Secants  contauj 
ed  between  the  Equalor  and  each  Parallel,  at>d-- 1 
Diftance  between  any  two  Parallels  on  contrary  Svi 
of  the  Equalor,  is  equal  to  the  Sum  of  the  Sums  '( 
all  the  Secants  contained  between  the  Equator  and 
each  Parallel. 

3-  There  is  annexed  to  the  End  of  this  SeHionj^z 
Table  of  Meridional  Parts,  for  every  Degree  aiM 
Minute  of  Latitude,  in  which  you  may  obferve  tl " 
the  Top  Column  contains  the  Degrees,  and  ihcl 
Hand-fide  Column  the  Minutes,  the  other  Colon 
contain  the  Meridional  Parts  anfwering  loeachiiO 
gree  and  Minute,  or  the  Diftance  of  each  Degt 
and  Minute  of  Latitude  in  this  Chart  from  the  £91 
/w,  counted  in  Minutes  of  the  Equator.  Thus  'I 
the  Latitude  of  63',  10',  I  look  in  theTopCbloi 
for  63°,  and  in  the  teft  Hand-fide  Column  foru 
and  in  the  Column  under  63°  and  on  the  fame  I 
with  20',  I  find  the  Number  4949.3,  which  is  ) 
Meridional  Parts  for  the  Parallel  of  63",  20',  ca~'\ 
fliews  that  the  Part  of  the  enlarged  Meridian,  which 
is  intercepted  between  the  Equator  and  the  ParaSdai 
63",  20',  contains  4949.3  Minutes  of  the  EfiUtOf, 
whereas  upon  the  Globe  it  contaiiis  only  3800.'.  in 
this  Table  you  may  likewifc  obCcrvc,  that  the  Meci- 
dional  Parts  are  computed  only  to  one  Place  of  Deci- 
mals, which  isfuflicirmly  exact  for  all  common  Por- 
pofcs. 
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yT-4.  By  thcfe  Tables  may  be  conftruaed  llie  naini- 
csi  Charr,  commonly  called  JWercalor'i  Chart.  Thus, 
for  Example,  let  it  be  required  to  make  a  Chart  that 
ihflll  commence  at  the  Equator,  and  reach  to  the  P^- 
■ruUd  ot  60  Degrees,  and  ihail  coDCain  Bo  Degrees  of 
Longitude. 

Draw  the  Line  E  Q^rcprcfenting  the  Equalor ;  (lee 
Plate  I.)  Ehen  take  from  any  convenientLine  of  equal 
Parts,  4800  (the  Number  of  Minutes  contsined  in  60^ 
Degrees)  which  fct  off  from  E  10  Q,  and  this  will, 
octermine  the  Brcadih  of  the  Chart,  ■■ 

^•:Dividethe  LineEQ^intoeight  equal  Parts,  in  the 
-Etoincs  10,  20,  30,  i^c.  each  containing  lo  Degrees, 
land  each  of  chefe  divided  into  10  equal  Parts  will  give 
the  Ltngle  Degrees  upon  the  Equator  i  then  thro*  the 
Poiius  E,  10,  20,  t^c.  drawing  Lines  perpendicular 
10  E  Q_j  thefe  fliall  be  Meridians. 

troio  the  Scale  of  equal  Parts  take  45274  (the 
Meridional  Parts  aniwering  to  60  Degrees)  and  fet 
that  off  from  E  to  A  and  from  Qj:o  B,  and  join  A  B ; 
then  this  Line  will  reprcfent  the  Parallel  of  6o»  and 
will  determine  the  Length  of  the  Chart. 

Again,  from  the  Scale  of  equal  Parts  take  603.1, 
(the  Meridional  Parts  anfwering  to  10  Degrees)  and 
•.jet  that  off"  from  E  to  lO  on  the  Line  E  A,  and  thro' 
•ilicPoint  I o  draw  10,  lo,  parallel  to  E  Q,  and  this 
will  be  the  Parallel  of  10  Degrees.  The  lame  Way 
jfcUiDg  off"  from  E  on  the  Line  E  A,  the  Meridional 
iiParis  anfwering  to  each  Degree,  &c.  of  Latitude, 
:iand  through  the  fevcral  Points  drawing  Lines  parallel 
ilio  E  Q,  w^  fliall  have  the  fcveral  Parallels  of  Lati- 
ittode. 

,-\t,".-if  the  Chart  does  not  commence  from  the  Equator^ 
iihat  is  only  to  ferve  for  a  certain  Diftancc  on  the  Afe- 
■rndiat,  between  two  given  Parallels  on  the  fame  Side 
-inf-the  EquaCer;  then  the  Meridians  are  to  be  drawn 
-:aa*io  the  laft  Example,  and  for  the  Parallels  of  Lati- 
tude you  arc  to  proceed  thus ;  viz.  from  the  Merl- 
on 3  dional 
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Mereator'i  Siiiling, 
(3\ynal  Parts  a;ifwcritig  to  each  Point  of  Latitude  in 
your  Clurt,  lubtraft  ihe  Meridional  Parts  anfwering 
to  tJie  Icall  Latirude,  and  i'et  off  the  Differences 
fcverally,  from  the  Parallel  of  leaft  Latitude,  upon 
the  two  extreatn  MkridianSy  and  the  J.,ines  joining 
tiicfe  Points  of  the  Mcridia'As  Ihall  reprefcnt  the  fevc^J 
ral  TaraUds  upon  your  Chan,  ji 

Thus  let  it  be  required  to  draw  a  Chart  that  lhal^"^ 
fcrve  from  the  Latitude  of  zo  D^ret's  North,  to  60 
pcgrees  North,  and  that  (hall  contain  80  Degrees  of 
Longitude- 
Having  drawn  the  Line  DC  to  reprefeot  the  Paral-< 
/i/ of  20  Degrees  {ice  Plate  t .)  ind  the  Meridians  iq 
it,  as  in  ihc  foregoing  Example-,  fet  off  663.3  {^^ 
Difference  between  the  Meridional  Parts  anfwering  to 
30  Degrees,  andihofeot  30  Degrees)  from  D  to  30, 
and  from  C  to  ^o  ;  then  join  the  Points  30  and  30 
with  a  right  Linf,  and  that  ihali  be  the  Parallel  of  30, 
Alfolet  off  1^^7-6  (the  Difference  between  the  Me- 
ridional Parts  anfwering  to  40  Degrt'es,  and  thofe  of 
20  Degrees)  from  D  to  40,  and  from  C  to  40,  and 
■  ioining  the  Points  40  and  40  with  a  right  Line,  that 
*lhall  be  the  Pardkl  of  40.  And  proceeding  after 
the  fame  Way,  we  may  draw  as  many  of  the  iiiterv 
mediate  Pm-alltb  aswc  have  Occafion  for. 

But  if  the  two  Parallels  of  Latitude  that  bound  tl 
Chart,  are  on  the  contrary  Sides  of  the  Equator  %  thei^' 
draw  a  Line  reprefenting  the  Equator  and  Maidiam 
to  it,  as  i[i  the  firft  Example  ;  and  from  the  Efuator 
fet  off  on  each  Side  of  it  the  fcveral  Parallels  contain-: 
ed  between  it  and  the  given  Parallels  as  above,  and 
your  Chart  is  finilhcd. 

If  MsrislDr's  Chart,  connniifled  as  above,  hath  ifl 
J?^««/or  extended  on  each  Side  of  the  Point  E  l8o 
Degrees,  and  if  the  ieveral  Places  on  the  Sorftce  of 
the  E^rth,  be  there  laid  down  according  to  their  Li* 
tiiudes  and  Longitudes,  we  Ihall  have  what  is  com- 
monly called  ALrnjier's  Map  cf  the  Earth.     This 


:1:^ 


Maip^ifcd]C3ib  l»  be  confiderad  as  a  fimilar  and  jufl:  Re-- 
prtfirntaiion  cf  the  Earth's  Surfisicc,  for  in  it  the  Fi- 
gures of  Countries  are  diftortcd,  efpecially  near  the 
Foles ;  but  jBnce  the  Degrees  of  Latitude  are  every 
where  increafed  in  the  fartie  Proportion  as  thofe  of 
Longitude  are,  the  Bearings  between*  the  Places  will 
be  the  fame  in  this  Chart  as  on  the  Globe,  and  the 
Prbportions  between  the  Latitudes,  Longitudes,  and 
nautical  Diftances,  will  alfo  be  the  fame  on  this  Chart, 
as  on  the  Globe  itfclf ;  by  which  Means  the  feveral 
Cafes  of  Navigation  are  folved  after  a  rtioft  eafy  Man-  - 
ner,  ^^nd  adapted  to  the  meahcft  Capacities.- 

dV".  B,  H^re  you  muft  take  Notice,  th$t  in  all  Charts, 
thc.upper  Part  is  the  Norlh  Side,  and  the  lower  Part 
orfiqttoni  is  the  South  Side;  alfo  that  Part  of  it  to- 
wariis  the  right  Hand  is  the  Eafl^  and  that  towards 
the  left  Hand  the  ff^eji  Side  of  the  Chart. 

5.  Since  according  to  this  Projection,  the  Meridians 
are  parallel  right  Lines  -,  'tis  plain,  that  the  Rumbs 
which  form  always  equal  Angles  with  the  Meridiansl  • 
will  be  ftrtight  Lines  ;-  which  Property  renders  this 
Projedion  of  the  Earth's  Surface  much  more  eafy  and 
propj*  f5(^Bautical  Ufes  than  any  other.  •  '        ' 

6;^  This  Method  of  projcfting  tjbe  E^r tfi's  Surface 
upon  a  Plane,  was  firft  invented  by' Mr.  Edw.  Wright^ 
but  firft  publilhcd  by  Mercator  \  and  hence  the  failing 
by  this  Chart  was  called  Mercatorh  Sailing. 

7.  In  the  annexed  Scheme,  let  A  and  E  feprefent 
two  Places  upon  Mercatofs  Charts  A  C  the  Meridian 
6i  A,  and  C  E  the  Parallel  of  Latitude  pafling  thro* 
E  -,  draw  A£,  and  fet  off  upon  A  C  the  Length  AB 
equal  to  the  Number  of  Minutes  contained  in  the 
Difference  of  Latitude  between  the  two  Places,  and 
taken  from  the. fame  Scale  of  equal  Parts  the  Chart 
was  niade  by  •,  or  from  the  Equator^  or  any  graduated 
Parallel  oi  the  Chart,  land  thro'  B,  draw  B  D  parallel 
toC  E  meeting  A  E  in  D.  Then  A  C  ^\\\  be  the  en- 
larged Difference  of  Latitude,  A  B  the  proper  Difference 
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tropir  DiJioHce^  between  the  two  Places  Ajuid>  M% 
alfo  the  Angle  BAD  will  be  die  fotfrfe,  ^  AE  fi« 
Runob  Irvine  between  th^rm. 

8.  Now  fincc  in  thp  Triangle  AC  £^  BD  is  pa* 
rallel  to  one  of  \%*$  Sides  C  £*»  'tis  plain  the  Trilogies 
A  C  £)  A  B  D  will  be  fimilar^  and  conCequently  th» 
Sides  Drqportional  (by  Jri.  73.  SeS.  i.)  Henpe  arifr 
the  Solutions  of  the  feveral  Cafes  in  this  failingy^^icfi 
are  as  follow. 


4^    .  i^^  a  * 


fbe  LcHtudes  cft^vc  Places  gtve^^  ^^JM  thfmtnr 
iiinai  cr  enlarged  Difference  cf  Latititdr  JetvHen  ibem^ 

Of  this  Cafe  there  are  three  Varieties,  viz.  either 
one  of  the  Places  lies  on  the  EauaUr^  or  botji  on  t)ie 
tame  Side  of  u»  or  laftly  on  different  Sjdes, 


•(••  •  "t**  %^i . . 


•  If 


-aril*  If  one  of  the  propofed  Places  lieson  the  £0if^ 
d/fy  then  the  meridional  Diifcrcrtceof  latitude  is  the 
fame  with  the  Latitude  of  the  other  Place,  ukcn  from 
Ch?  Table  of*  meridional  Parts. 


Example, 


I 


Required  the  meridional  Difference  of  Latitude  be-  , 
tween  5/.  Thomas,  lying  on  the  Equator,  and  5/.  ^»«.- 
jtto,  in  the  Latitude  of  17°,  20'  North.  I  look  in"' 
the  following  Table  for  the  meridional  Parts  anfwer- 
ing  CO  17°,  2o',  and  find  it  to  be  1 05612,  the  enlarged 
PitFercnce  of  Latitude  required. 

I  2.  If  the  two  propofed  Places  be  op  the  fame  Side 

d  the  Equator,    then  the  meridional  Difference  of 

I  .J^atitude  is  found  by  fubtrading  the  meridional 
P^rts  anfwcring  to  the  leaft  Latitude,  from  thofe 
^fwcring  to  the  greateft,  and  the  Difference  is  that 
fCquired.' 

^^K  Examie. 

"^^tequlred  the  meridional  Difference  of  Latitude 
between  die  Uzard^  in  the  Latitude  of  50",  00' 
Norths  and  4»iigua,  in  the  Latitude  of  17°,  30' 
North. 

From  the  meridional  Parts  of    -   50°,  00'  -  3474.5 
fabrrail  the  meridional  Parts  of    17  ,  30  -    1066.7 


there  remains    -    -    -    -    -    -    .. '.    2407.8 

the  meridional  Difference  of  Latitude  required. 

3.  If  the  Places  lie  on  diiFerent  Sides  of  the  £jKJ/i!r, 
then  the  meridional  Difference  of  Latitude  is  found 
by  adding  together  the  meridional  Parts  anfwering  to 
f^ch  Latitude^  and  the  Sum  is  that  required. 

Examp!t. 


2 14^  Jl^fPtf^or't'  ^itiilttj^ 


.      -  •    .  -    :  •/  ■■■;■     ;   V    *'    >  v:/^  -l^u 


£:i;amfk^\^ 


'   >  •  * 


Required  the  meridional  pifterencc  of  Latitude 
between  Antigua j  in  the  Latitude  of  17%  30'  North, 
^nd  Uma^  in  P^u^  in  the  3^atitude  of  12^,  30' 
South, 

To  the  merid.  Parts  anfwering  to  17%  3c/  -  1066.7 
9d4'  tWip  anfwei;ipig  tp    ^    -  ^  .  12%  30^  •    756.1 

tlie$uinis;r    -    ,..    .r    r    -    t- • -.    •    r     1822.4 
th^'  meridional  Differenq:  of  JLiatitHde  rei^uixed. 


1    I  *.. 


C  A'  S  £    4;  .    •' 

m^i  Laiilude  av$  Longitude  of  two  Flam  given^  tf 
jikd  the  ditett  Courpand'Diftance  between  them. 

Exatnpk* 

Reqttiird  to  find  the  direft  Courfe  and  Diftance 
bkween  the  Uzardy  in  the  Latitude  of  50°,  00' 
North,  ^hd-  P'0rt-Royal  in  Jamaica^  in  the  Latitude 
of  17^,  40'  North,  differing  in  Longitude  70 ''j  46^ 
Weft,  Port-Royal  lying  fo  far  to  the  Weftward  of  the  " 
•  Liwtd. 


•  _  1 


Preparation. 

From  -the  Latitude  of  the  Lizard     -      50®,  00'  N. 
fubtraft  the  Latitude  of  Port-Royal    -    17**,  40'  N. 

■  ^-- 

and  there  r^akis.  ■>  '■.*-■  r    -    r  .  ^  .32%  20'  N. 
equal  to  1940  Minutes,   the  proper  Difference  of  ; 
Latitude,        .  ^  •       .   u.:.. 

.    ^5^     -  '-'^  Then 


MlfrCift^V^l 


23? 


Then  from  the  meridional  Parts  of  50%  00'   3474.5 
fubtrafl:  thofe  of     -    r    -    -    -     17%  40'    1077.2 

and  there  remains  -^    -    -^   ,-    -    -.    -.    -    ^397#J 
the  mericBonil  or  enlarged  IHffcrence  of  Longitude, ,. 


•  •    • 

Geometrical^,' 

Draw  the^LiAe  A  C,  repreftnting  thf  Meridian  of 
the  Lizard  at  A,  and  fef  off  from  A  uppn  that  Line^ 
AE  equ^  to  1940  (from  any  Scale  of  equal  Parts) 
the  proper  Difference  of  Latitude,  alfo  A  C  equal  to 


B 


* 397-3  (from  the  fame  Scale)  the  meridional  or  en- 
larged Difference  of  Latitude.  Upon  the  Point  G 
raife  CB  perpendicular  to  AC,  and  make  CB  equal 
to  4246,  the  Minutes  of  Diflfercnce  of  Longitude. 

Join  A  B,  and  thro'  E  draw  E  D  parallel  to  B  C  ; 
fo  the  Cafe  is  conftrufted,  and  A  D  applied  to  the 
fame  Scale  of  equal  Parts  the  other  Legs  were  taken 
from,  will  give  the  dired  Diftanee,  and  the  Angle 
P  A  E,  meafured  by  the  Line  of  Chords,  will  give 
fh^Cqurfe 


By  Calculation. 
^•V^^  tiy;  Artglc W  the  Gourfe  E  A  D  it  v^ll  be,- 

AC  :  CB  : :  R  :  T,  BAC,  i.  e.-    '■''' 

As  the  meridional  Diff.  of  ,I,at,'2397.3    -    3.37970 
is  to  the  Difference  6FX.ong."-  4246.0     -     3.62798 
|(»  is  Radius  --     --     --.     -     -     -     10.00000 

^  the  Tang,  of  the  dircftCoiirfe  60°,  33'  lOTa^SzS 

•which,  becaufe  Port-Royal  is  Southward  of  the  Lf- 
z^rd,  and  the  Difference  of  Longitude  Wcfterly, 
wiU  be  South  6e%  33'  Weft,  or  SWiWtWeft 
nearly. 


will  be,  by  Cafe  3, 


Then  for  the  I 
^  Re^angtdar  TfigonimelTyy 


e  biftance  AD  it 


R  :  AE  : 


Sec.  A  :  AD,  i.e. 


i 


As  the  Radius    ---.-.-.  rd.ooooo 

is  10  the  proper  Diff.  of  Lat.  -  1940      -  3.28780 

fo  is  the  Secant  of  the  Courfc     60',  33'  10.30833 

10  the  Diftance    -    -    -    -    394'5.6     -  3-59613 

confequontly  the  dired:  Courfc  bccwem.  the  £iz«rf 
V)d  Pert-Riyai  in  Jamaica,  is  South  60',  33'».aQd 
the  Diltance  3945.6  Miles. 


CASE 


3- 


C^r/e  and  Diftanee  failed  given^  to  find  Djfferente 

Latitude  and  D'ffirenci  of  Lengilude.  >..■.    : 


I 


*37 


.  Suppofe^a.Slfip  firom  the  liaur^  ia  the  Latitude 
of  50%  oo  NortK  fiwk  South  35%  40' Weft  15$ 
Miles  i  required  the  Latitude  come  to,  and  hov 
much  Ihe  has^Utercd  her  Longitude. 

^ '..  ■  .    ■  -     ■         -       .    /     ' 

GemetricaHy.  .. 

_i.  riraw  the  Line  BK  rep.refehting  the  Mrldi^ 
of  fhe  Lizard,  at  B ;  ifrom  B  draw  the  Line  B  M; 
making  with  BK  an  Angle  equal  to  25"* ^  ^^\  ^^ 


I 


Upon  tUs  Line  fet  off  BM  equal  to  1569  the  given 
Diftance,  and  from  M  kt  £iU  the  Perpendicular  MK 
upon  BK. 

Then  for  B  K,  the  proper  Difference  of  Latitude, 
It  will  be,  by  G^  3.  of  ReSha^ukr  Trigonometry^ 


R  :  MB  ::  S,  BMK  :  BJK:. 


^1 


i.  €.  As  Radius  - 
11  to^  the  Diftancc 


1^6 


XOiOOOOO 

-    2.19312 


I 


fo  is  the  Co-^ine  of  the  Courfe  35",  40'  -  9.90971 
to  the  proper  Di£f«rence  of  Lac.  127    -    2.i02gdf 

equ^l  to  2",  07'i  and  fince  the  Ship  is  failing  fram  a 
North  Latitude  towards  the  South,'  therefore  the  La- 
titude come  to  wiU  be  47°,  53'  North.  Hence  the 
meridional  Difference  of  Latitude  will  be  193.4. 

2.  Produce  BK  to  D,  *tiH  BD  be  equal  to  19J.4; 
thro*  D  draw  DL  parallel  to  MK,  meeting  DM 
'produced  in  L  ;  then  D  L  will  be  the  Difference  of 
Longitude :  To  find  which  by  Calculation  it  will  be, 
by  Cafe  1 .  of  Reilangular  Tri^tnomttry^  ~ 

R  :  BD  ::  T,  LBD  :  D  L, 

i.  e.  As  Radius  --------     lo.ooooq 

is  to  the  meridiopal  Diff.  of  Lat.  193.4  -  2.2864, 
fo  is  the  Tangent  of  the  Courfe  35°,  40'  9.8559. 
to  the  Minutes  of  Diff.  of  Long.  138.8     -    2.142413 

equal  to  2°,  18',  48%,  the  Difference  of  Longicud 
the  Ship  has  made  Wefterly. 


I 


-    _C-A.S  E  '4. 

Given  Courfe  and  both  Laiitudes^  viz.  the  Laiitudi 
failed  fronts  and  the  Latitude  come  to,  to  find  the  Dif- 
tance  failed  and  the  Difference  of  Longitude. 

a 

Example.  M 

Suppofe  a  SHp  in  the  Latitude  of  54%  20'  North, 
fails  South  33%  45'  Eail,  'till  by  Obfervation  flic  is 
found  to  be  in  the  Latitude  of  51%  45'  North  j  re- 
quired the  Dilbuice  failed,  and  the  Difference  oi  Lon- 
gitude. 

Ctomttrkaitf^, 


MiilKitot^s  "Sai&ij^ 


'»I9 


* 

T- 


Draw  AB  to  reprcfcnt  the  Meridian  of  the  Ship  hi 
the  firft  Latitude,,  and  fet  off  from  A-  to  B  i^<^c 
Minutes  of  the  proper  Differ- 
ence of  Latitude,  alfo  A  G 
equal  to  257.o,^the  Minutqs  of 
the  enlarged  Difference  of  La- 
titude, Thro*  B  and  G  draw 
the  Linens  BG  and  GK.perpen- 
dicularto  AGj  alfo  draw  AK, 
making  with  AQ  an  Angle 
of  33%  45',  which  will -meet  the 
two  former  Lines  in  the  Points 
C  and  K  j  fo  the  Cafe  is  con* 
ftrufted,  and  AC  and  GK 
may  be  found  from  the  Line  of  equal  Parts :  To  find 
which 

By  Calculation. 

Firfty  For  the  DiBerence  of  Longitude  it  will  fee, 
by  Cafe  i .  of  ReSlangular  Trigonometry ^ 

R  :  AG  .1  T,  GAK  :  GK, 

»  , 

i.  i.  As  Radius  --i-----.     lo.coooa 

is  to  the  enlai^ed  Diff.  of  Lat.  -^  257.9  *  2.41 145 
fe  is  the  Tangw  of  the  Courfe  33'*,  45"  -  9.82481^ 
to  the  Min.  of  Diff.  erf  Long.  -  172.3  -  2.236^4. 
equal  to  2°,  52',  18^',  the  Diffeithte  of  Longitudb 
the  Ship  has  made  Eafterly. 

V 

This  might  alfo  have  been  found,  by  firfl:  finding 
the  Departure  BC  (by  Cafe  2.  if  Plane  Sailing)  and 
then  (by  ^/.  74,  Seff,  I.)  it  would  be  -        - 


AB  :  BC  ::  AG 

Longitude  required. 


The  Difference 


GK. 


1 


■     Then  for  the  direct  Diftance  A  C,  it  will  be,  bjr 
Caff  2.  ef  Rectangular  Trigonomctryj 


R  ;  AB  :  ;  Sec.  A  :  AG. 


■f.  e.  As  Radius  -    -     -    - 

is  to  the  proper  Diff".  of  Lat. 
fo  is  the  Secant  of  the  Courfc 
to  the  direft  Diftance    -    -    -    i86., 


-    -     lo.ooooty 

155    -    2.19033: 

SS".  45*   10.08015 

2.2704:8 


\ 


confcquently  the  Ship  has  failed  South  33",  45'  Eaft, 
186.4  Miles,  and  has  differed  her  Longitude  2*, 
52',  1 8"  Eafterly. 


CASE    5, 

Both  Laiitudes,  and  Bifianee  JdUdy  givetit  fo  j 
th$  dirtS  Cour/e,  and  Difference  of  Longttudt. 


Suppofe  a  Ship  from  the  Latitude  of  45*, 
North,  (ails  between  North  and  Eaft  195  Miles,  a 
then  by  Obfervation  (he's  found  to  be  in  the  Latiiu^ 
of  48",  6'  North;   required  the  direft  Courfe  i 
Difference  of  Longitude. 


Merfaii^!^,Saiii^: 


?^* 


'  Geomeiriealfy. 


t>raw  A  B  ^qdal  to  160  the  pro{)er  brfferiHiek^l 
Latitude,  and  frorri  the  Point  B  raifc  the  Pcrpendi 
tukr  fi  D ;  then  take  i  ^5  in  ^  ^    ^ 

your -Compaflcs;  ahd  fetting  Cr '  '  '''  -  *  x* 

one  Foot  of  them  liiA,  with      I 
the  other  crofs  the  Line  B  D  3 
inD.     Produce  A  B 'till  AG 
be  equal  to  233.6  the  enlarg- 
ed  l^ifference    of  Latitude* 
Thro'  C  draw  CK  parallel 
to  BD,  meeting   A  D  pro- 
duced in  K  ^  fo  the  Cafe  is 
Conftructedi    and  the  Angle 
A  may  be  meafured  by  the 
Line  of  Chords,  and  C  K  by  the  Lihc  of  equal  Parts, 
To  find  which 

JBy  CaicuIatiofL 

Firjii  For  the  Arigje  of  the  Courfe  B  A  P  it  will 
be,  )^  Cafe  5.  of  RjtSangulitr  Trigonometry i 

A  B  :  R  :  :  A  D  :  Sec.  A  /.  e. 

AS  the  proper DifF.  of  Lat.  -  i5o  -  -  i. 20412 
is  to  Radius  ----  -;-  --  1 0.00000 
fo  is  the  Diftatittr  -  -  -  -.  ^^5  -  -  2.29003 
to  the  Secant  of  the  Courfe  34°,  52'  -  lo.oSspc 
rhich,  becaufe  the  Ship  is  failing  between  North  and 
laft,  will  be  North  34%  52'  Eaft^  or  N  E^  N  i% 
J^'Eafterly. 

Then  for  the  DifFcrenct  of  Longitude  it  will  be, 
by  Cafe  i ,  cf  Reffangnlar  Trigenometrj^ 


•  t 


ji 


R| 


* 


m 


Creator' f  ^t^Ui^' 


R:  Ae::T,A:CK. 

^i#..  As  Radius.  ---.--  -  -  10*00000 
isjto  tkc  merid.  Diff.  of  Lat.    -    233-6  .  -  ^^3^^/^7 

Jbisthe  Tang^  of  the  Courfe  34°,  52'  -  9r^4397 
io  the  Min.  DiE  of  Longitude  iil2.8     -    -  2*21  ^54 

.  equal  to  2*",  .42',  48",  the  Difference  of  Longitude 
Eafterly,-    - 


;    . 


C  A  S  E    6.  . 

One  Latitude^  Courfe^  and  Difference  of  Longitude^ 

igiven^  to  find  the  other  Latitude y  and  Dijiance  failed. 

■» 

Example. 

Suppofc  a  Ship  from  the  Latitude  of  48*^,  50' 
North,  fails  South  34%  ^40'  Weft,  'till  her  Differ^ce 
of  Longitude  is  2%  44';  required  the  Latitude 
come  to,  and  the  Diftanqe  failed. 

Geometrically. 

i.  Draw  A  E  to  reprefent  the  Meridian  of  the  Ship 

in  the  firft  Latitude,   and  make  the  Angle  E  AC 

p  A    equal  to  34**,  40',  the  Angle 

of  the  Courfe  5 .  then  draw 
FC  parallel  to  A  E,  at  .the 
Diftan.ce  of  1.64,  the  Minutes 
of  Difference  of  Longitude, 
which  will  meet  A  C  in  the 
Point  C.  From  C  let  fall 
upon  A  E  the  Perpendicular 
jj  CEi  then  A  E  will  be  the 
enlarged  Difference  of  Lati- 
tude, To  find  which,  iy 
E  Calculation  it  will  ha^JDy'CqJe 


I .  Reif angular  Trigonometry 
•    2 


T, 
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T,  A  :R:  :  CE:  AE. 

if.  ^  As*the  Tang*  of  the  Courfe  34%  40'  9*^^984  - 
is  to  the  Radius  7  -  *  .  ^  -  .  lo.oooco 
{o  is  the  Min.  of  DiBF.  Longitude  1 64  -  2:2 1484 
to  the  enlarged  DifF.  of  Latitude  237.2  -  2.37560 
and  becaufe  the  Ship  is  failing  from  a  North  Latitude 
Sptitherly.     Therefore, 

From  the  Merid.  Parts  of  7  00      - '  ^r 

the  Latitude  failed  from}     "48,50     -    3306.9 

take  the  merid.  Difference  of  Latitude      -      237.2 

and  there  remains     -     -    -     .-      ...     3129.7 

the  Meridional  Parts  of  the  Latitude  come  to,  viz. 
46%  09'. 

Kfcnec  for  the  proper  Difference  of  Latitude^ 

■  *       - 

From  the  Latitude  failed  from  -  -  48%  50'  N. 
take  the  Latitude  come  to  -     -     -    -    46 ,  09  N. 

and  there  remains    -      -      --,--2%  41 
equal  to  161,  the  Minutes  of  Differchce  of  Latitude. 

2.  Set  off  upon  AE  the  Lehgth  AD  equal  to  i6t 

the  proper  Difference  of  Latitude,  and  thro*  D  draw 

DB  parallel  to  C  E ;  then  A  B  will  be  the  direft  Dif- 

tance.     To  find  which,  by  Calculation  it  will  be,  by 

'  Cafe  2.  vf  Re£l angular  TrigonGmtry^ 

R:  AD  :  :  Sec.  A:  AB. 

/.tf.  As  Radius     -      -      -----     lo.ooooo^ 

is  to  the  proper  Diffl  of  Latitude  161  -  2.20683 
fo  is  the  Secant  of  the  Courfe  -  34s  40'  10.08488 
td  tfce  tfircft  Diftstncc    -    -    -     195,8    -    2.29171 

R  2  CASE 


.*- 


»4* 


Mercator's  SaiUt^. 
C  A  SE    7. 


.  .<  ■  j*. . 


Oir^  Latitude^  Cwrfe^  wid  Depariurey  ghen^  hJmA 
the  cthtr  Latitude^  Difiance  failed^  ami  Difference  of 
l/mptude. 

Exan^lel 

Suppoie  a  Ship  iails  from  the  Latitadc  of  54.*,  gfl^ 
Norrir,  Long.  4^"^,  ^3'  Eaft,  'all  &«  has  made  of 
Pepaiturc  116  Miles;  required  the  Latitude  (he  is 
i»,  her  direft  Diftance  iaifed,  and  how  much  fiie  has 
^cend  her  Longitude. 

GGnsetricttOf. 

i^  ^javiog  drawn  che  MeridiiHi  AB^  make  t&e 
AngkBADcqualt0  42%  ^3^    Draw F D paxaUek 


;.i  I>.     Let  UW  mm  AB  the  Peryvfnffici::^!  DBl 
T2<a  A  6  ^iU  be  U^  r ?o«3-  Dafirr^cr  cf  f  -tot^:^, 

asd 
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8Uid  A  D  the  dired  Diftance,  to  find  which,  ly  CaU 
dilation  ^  firft,  for  the  Diflance  A  D  it  will  be^  by 
Qi/e  z.  of  ReSlangular  ^rigononuSryy       .  •    x 

S,  A:BD:  :R:  AD. 

t.  e.  As  ^hc  Sine  of  the  Courfe    '42°,  33'     9.85010 
is  tothcX)eparture    -    -    -    -  116     -     2.0644,6 

ibis  Radius     ---------  ^10.00000 

to  tbe  4iro^ Diftance    *    «    -    ^7hS    "    ^•2343:^ 

Then  for  the  proper  Diflabrcnce  of  Latitude  it  will 
be,  hy  Cafe  1.  of  Re£langular  Trigommetiy^    . 

T,  A  :  B  n  : :  R  :  A  B. 

i.  t.  A^  the  Tang,  jof  the  Courfe  42  "* ,  3 3'  9.96281 
is  to  the  Dq)artute  -  -  -  .  116  -  2.06446 
fo  is  Radius  .--•---.-  10.00000 
to  the  proper  Difference  of  Latitude  126,4  2.10165 
equal  to  2°,  6',  confequently  the  Ship  has  come  to  the  • 
Latitude  of  52"",  30'  North,  and  fo  the  meridional 
Pi£ference  of  Latitude  will  be  2 1 2.2. 

2.  Produce  A  B  to  E,  'till  A  E  be  equal  to  2 1 2.2  ; 
and  through  E  draw  E  C  parallel  to  B  D,  meeting 
A  D  produced  in  C  •,  then  E  C  will  be  the  Difference 
of  Longitude,  to  find  which,  by  CalcuIaSiony  it  will  be, 
by  Cafi  I.  of  Re^angufar  Trigonometry^ 

R:  AE::T»  A  :  EC. 

i.^  As  Radius    --------    10.00000 

is  to  the  merid.  Diff*.  of  Latitude  2 12.2     -    2.32675 

fo  is  the  Tang,  of  the  Coprfc    -   42°,  33'    9.96281 

tot[^e!iifin.  ctfPiCof  Lprigifudt  194.8    -  a.28956 

cqtbaf  to"  ^%  i^',  ^^f,  ,tlic  DifFertJdce  of  Longitude 

Eattcrly. 

'  »  3  Tl-i? 


2^6  Mereaiar^i  Sdilm^, 

This  might  have  been  found  othcrwife,  thus^  bc- 
ciufe  the  Triangles  ACE,  A  D B  are  fimilar,  there- 
fore {ly  Art.  73.  SeEl.  i.)  it  will  be, 

AB:BD::  AE:  EC. 

f  t.  As  the  proper  Diff.  of  Latitude  12  6.4   2,ioi6i 
is  to  the  Departure     -     -     -     -116     -     2.o644( 
fo  is  the  enlarged  Diff.  of  Latitude     212.2   2.32675 
toMin.  Diff.  of  Longitude     -    -     194.8    2.28950 

CASES. 

;  Both  Latitudes,  and  Departure  given^  to  find  Courfi. 
I)ifiance^  and  Difference  of  Longitude. 

' '      -  Exampk. 

Suppofe  a  Ship  from  the  Latitude  of  46%  20'  N. 
lails  between  the  South  and  Weft,  'till  (he  has  made 
of  Departure  126.4  Miles ;  and  is  then  found  by  Ob- 
fervation  to  be  in  the  Latitude  of  43%  35'  North  j  re- 
quired the  Courfe,  Diftance  failed,  and  Difference 
of  Longitude. 

« 

Geometrically. 

Draw  A  K  to  reprefent  the  Meridian  of  the  Ship  rii 

her  firft  Latitude,  fct  off  up- 
on it  A  C,  equal  to  1 65^  the 
proper  Difference  of  Latitude, 
Draw  B  C  perpendicular  at 
AC,  equal  to  126.4  the  De- 
parture, and  join  A  B.  Set 
off  from  A,  A  K  equal  to 
233.3, 'the  Enlarged  Difference 
of  Latitude,  and  thro'  K  draw 
K  D  parallel  to  B  C,  meeting, 
A  B  produced  in  D  5  fo  the  Cafe  is  conftrufted,  and 

DK 
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Di£  will  be  the  Difference  of  Longitude^  AB  the 
Diftancei  and  the  Angle  A  the  Courlci  to  find 
which 

By  Calculation. 

Firft^  For  D  K  the  Difference  of  Longitude,  it  will 
be,  by  Art.  73.  SeS.  i. 

AC:CB::  AK:KD. 

7.  ^  As  the  proper  Diff.  of  Latitude  1 65  2.21 748 
is  to  the  Departure  -  -  •  .  12.6.4^  2.ipi*75 
fo  is  the  enlarged  Diff.  of  Latitude  233.3  ^'3^7'9t^ 
to  the  Min.  of  Diff.  of  Longitude  178.7  2.25218 
equal  to  2%  58',  42'',  the  Difference  of  Longitude 
Wefterjy. 

Then  for  the  Courfe  it  will  be,  by  Cafe  4.  of  ReSt- 
angular  Trigonometry^ 

AC;BC;:R:T,A. 

/.  e.  As  the  proper  Diff.  of  Latitude  1 65  2.21 748 
is  to  Departure    ------  126.4     2.10175 

fo  is  Radius    -- -    -.|  o,ooooo 

to  theTaj^entbf  the  Courfe  37%  2/  -  9.88427 
wKich,  becaufe  the  Ship  fails  between  South  and  Weft, 
will  be' "South  37:%;. 27'  Wefl,  or  S W^S  3s    scf 

Wefterly,  - 

liafih^^  For  the  Diftance  AB,  it  will  be,  by  Cafe 
?  ^^  of  Sip  angular  frigonometty^ 


»••  •   ■■ 


<  ■  •  •  > 

1 . .'  ^ . 


S,  A:BC::R:  AB. 

.1 

■  ■     ■  ■  ■! 


X-. 


i,  e.  AstheSWie  of  the  Courie  37",  27'    -    g-TSj^y 
h wtKe Departure    -     -    -    -    iz6.+    -    2.10175 

fo'is  Radius    ---------   io.ooocki 

to  the  direft  Diftancc    -    -    -    207.9,    -    2.3 17891 


CASE 


■  One  La/iiurU,  Difiame  faikd,  ^itd  Bcparhtre  gtven^ 
tp-pid  the  other  Latitude^  Di^erence  ef  Lmgitude,  4/td 


75  J 
>8^H 


Examp.'f. 
vd\-9ij  ll*-f  ■.  .  -      -< 

^uppofe  a  Ship  m  the  Latitude  of  48°,  33'  Kortti, 
fails  between  South  and  E.%ft   138  Miles,    and  has 
iJftn  made  of  Depanure  nzM;  required  the  Lai" 
lude  come  to»  the  direft  Courfe,  and  Difference 
Longitude. 

Geofiielrically. 

I.  Draw  E  D  for  the  Meridian  of  the  Ship  at  B,  mM 
parallel  to  it  drawf  .^ 
at  the  Diftance  of  uz.c 
the  Departure.  Take  138, 
tlie  Dill  ance,  in  your,. 
Compallcs,    aod    fixi^ 

^1  _" 'Vp  one  Point  of  chen]-,in  bJ, 

■"'  ■■  ^  with  the  other  crofs  the ' 

^.  Line  FE  in  the  P(Mnt 
*'-  E  J  then  join  B  and  E, 
andirom  E  let  fall  upon  Bp  the  Perpendicular  ED; 
fo  B  D  will  be  the  proper  Di .Terence  of  Latitude,  and 
tfeAf^gle  B,  will  be  the  Comfe ;  to  find  which,  J^y 


t 


y^A 


Firji,  For  the  C6urtfe'k  wW  he^(,hj  €kfi(y  f 
fLcffangulM"  TPigonmetry)  '  ' ' 

EE>R  ::  DE  :  5,  R 

I.  ^  As  the  Diftance     -      r      138     -    -     2.13988 

is  to  Radius ----     10.00000 

fo  is  the  Departure  -  -  -  112.6  -  2.05154 
to  the  Sine  of  the  Couffc  -  54%  41' .  -  9.91166 
•which,  becaufc  t^e  Ship  f^ils  between  South  apd 
Eaft,  will  be  South  54^  41' Eaft,  or  SE  9%.  41^ 
Eaftcrly. 

Then  for  the  DrfFerencc  of  Latitude  it  will  be  (by 
Cafe  ^.  of  ReSlan^ular  T'ri^onomtry)   .. 

\ 

R  :  B  E  :  :  Co-S,  B  :  B  D.  ; 

1 

u  f.  As  RadiiTs  --------     lo.boqoa 

js  to  the  Diftancc  -  -  138  -  -  -  2.13988 
io  is  the  Co-fine  of  the  Qourfe  54%  41'  -  9.76200 
to  the  Difference  of  Latitude  79.8  -  -  1.90188 
equal  to  1%  19'.  Confequently  the  Ship' has  come 
to  the  Latitude  of  47°,  14'.  He^ce  the  meridional 
Difference  of  Latitude  will  be  ri7.7. 

2.  Produce  B  to  A,  *till  B  A  be  equal  to  1 1 7.7, 
aftd  through  A  dravv  AC  parallel  to  DE,  meeting 
BE  plDdiiced  in  C ; '  then  A  C  will  be  the  Differente 
rf  Longitude:  T6  find  which  by  Calculation^  it  wift 
be  (by  Art.  73.  SeS.  I.) 

BD  :  PE  :t  BA  :  AC. 

....  '    • 

■  •  -      ■  < 

iV~6  As  tJhe  proper  fiiff  of  latitude  79-8  •  190188 
is  to  die  Departure  -  -  .  -  112.6  -  2.05154 
fp  is  the  enlarged  DifF.  of  Latitude  117.7  -  2.07078 
to  the  Diff.  of  Longitude  -  -  166.1*2.22044 
f .,  ^  equal 


eeuU  10.-2'',  46',  06",  the  Difference  of  I-oncitudd 
Eafterly.  ^      ^ 

9.  From  what  has  been  faid,    It  wiH  be  eafy  tb' 
folve  a  -Traverfe  according  to  the  Rules  of  Merral9r'%L 


Example. 

■  SuppofcaShipatthcZiziire/,  in  thcLatitudeof  50! 
oo'Noith,  is  bound  to  the  Maddxa,  in  the  Latitud 
of  jz'i  3o'  North,  the  Difference  of  Longitude  be- 
tween ihem  being  1 1'^,  40',  the  Weft  End  of  cheil^i* 
dma  lying  fo  much  to  the  Weftward  of  the  Uzard^ 
and  confequently  the  direct  Courfc  and  Diftance  (by 
Cafe  2.  of  this  Sea.)  is  South  26%  15'  Weft  riSi.g 
Miles;  but  by  rcafon  of  the  Winds  flie  is  forced  to 
lail  on  the  following  Courfcs  (Allowance  being  ma^c 
for  Lcc- way  and  Variation,  ^c.)  viz.  SSW  44MtkSi 
S  i  W  i  Weft  36  Miles,  S  W  J  S  56  Miles,  and  JS  i' 
E  2S  Miles  1  required  the  Latitude  the  Ship  is  in, 
her  Bearing  and  Diftance  from  tlic  Lizard^  and  her 
dirc£t  Courfe  and  Diftance  to  the  AUdcira,  at 
End  of  thefe  CourTes. 

The  Geometrical  Conjlru^ton  of  this  Traverfe  is  p^-^', 
formed  by  laying  down  the  two  Ports,  according  to 
Conllrudion  of  Cafe  2.  of  this  Se3,  and  the  feveral 
Courfes  and  Diftances  according  to  Cafe  3.  by  whici 
we  have  the  following  Solution  by  Calculation. 


Courfe  S  S  W.  Diftance  44  Miles. 
For  Difference  of  Latitude. 


1 


As  Radius    ---------     10.00000 


is  to  the  Diftance- 


'■64345  , 
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fo  is  the  Co-fine  of  the  Cdurfe  22%  30'  -  g.96562 
to  the  DifF.  of  Latitude     -     40.65     •  .  -    1.60907 

and  fincc  the  Gourfe  13  Southerly,  dierefore  the  Lati- 
tude cpnic  tQ,will  be  49%  ^d  North,  and  confcqucnt- 
ly  the  meridional  Difference  of  Latitude  will  be  61 ,8, 
'fhen, 

Fpr  Difference  of  Longitude, 

As  Radiqs     --7 lo.oopCo 

\%  ta  the  enlarged  Diff.  of  Lat.  •  61.8  ^  -^'79099 
fp  i$  the  Tangent  of  the  Courfe  22%  30'  9.61722 
p.  the  Min.  of  Difference  of  Long.  25.6  -  1.40821 

?.  Courfe  SiW^Wcft,  Diftance  36  Miles. 
For  Difiercncc  of  Latitude. 

As  Radius     --.■--..-.     lo.poooo 

is  to  the  Diftance  -  -  -  36  -  -  -  1-55630 
{o  is  the  Co-fine  of  the  Courfe  16%  52'  -  9.98090 
to  the  Diff.  of  Latitude      -      34.46    -   -    1.53720 

and  fince  the  Courfe  is  Southerly,  therefore  the  Lati- 
tude con^e  to  will  be  48%  45'.  Hence  the  meridional 
Difference  of  latitude  will  be  53.4.     Then, 

For  Difference  pf  Longitude, 

■ 

As  Radius     ---------     10.00000 

is  to  the  enlarged  Diff.  of  Lat.  53.4  -  -  1.72754 
fo  is  the  Tang,  of  the  Courfe m  6%  52'  -  9.48171 
to  the  Difference  of  Longitude  16.19    -     1.20925 

3,  Courfe  S  W  ^  S,  Diftance  56  Miles. 

■I 

-For  Difference  of  Latitude. 

As 


is  to  the  Diftarice  •  -  -  56  -  .  .  1.748;!  9 
ibis  the  Co-fine  of  the  Courfc  ^^°,  45'  -  9.919S5 
to  ihe  Difference  of  Latitude  46.56  -  -  1.66SD4 
conleqiicntly  the  Latitude  cotnc  to  is  4;?',  5^',  ahd 
'  eioce  ^e  enlarged  Dificrence  of  Ladtudc^^illDc 
69k.    Then  -I 

For  Difftrmce  of  Lotigicade. 


I 


46c  enlarged  DiK  of  Lat.  -  69.2     - 
fo  is  the  Tang,  of  the  Couric  33°,  45*     9.Sz4.1(l 
to  the  Difference  of  Longitude    46.24    -    i.fit^al 

4.  Courfc  S^E,  Dillancc  28  IVIilcx. 
For  Difference  of  Latitude, 

_As  Radiy*  -  ...  -  ^-  .  -  -  io.c 
is  to  the  Diftance  -  -  -  -  2S  -  -  t.j 
io  is  the  Co-fine  of  the  Courie  Ji°,i5'  g.g 
to  the  Difference  of  Latitude  27.46  -  1.^ 
confequently  the  Latitude  come  to  will  be  47°,  313 
artd  hence  the  meridional  Difference  of  Laiitgtjic  wif 
be  43.2.    Then 

*  tor  Difference  of  Longitude. 

As  Radius    .--------.  10,001  ^ 

is  to  the  enlarged  Difference  of  Lac.  43.2  i.^^j 

(lis  the  Tang,  of  the  Courfc    -    Ji°,_i5'  g.z^jr 

to  the  Diff.  of  Longitiirie    -    -    8.59    -  a954i4. 

Now  thcfc  fevcral  Courfes  and  Diftances,  togetncr  ' 
■with  the  Difference  of  Latitude  andLongitmle  belong- 
ing to  each  of  them,  being  fet  down  in  their  proper 
Columns  in  the  Travnfe  Talltj  will  Hand  as  follow. 
Cturjii 


A^-csior'i  SaiSt^, 


SiE.'.    .    -  iS 

D:jr..jrL.,. 

DiS.ft.0,^. 

'A 

JV. 

s. 

E. 

Ir.  ■ 

.J 

40.6i 

46.56 
27.46 

«5.6   , 
.6.19 
46.24 

■;/ 

8.!9 

iJi 

I>(^  S^  Ul. 

>W''i 

8.(9 

8S9 

Bj                              

E,f.,fL.,g 

^W,  r<^ 

knee  it  ispfain  that  the  SMp  kas  made  of  Soul 
lOg '149.13  Minutes,  and  confcqucnrly  has  come'  ta 
the  Latitude  of  47%  31'  North,  and  fo  die  meridi- 
onal Difference  of  Latitude  between  that  and  her  (irit 
Latitude  will  be  226.1  i  and  fince  Jhe  has  made  of 
Difference  of  Longitude  79.44  Minutes  Wcfterly  1 
therefore  for  the  direft  Courl'e  and  Didance  betweciv 
tiiq  Uzard  and  ihc  Ship"  it  wiJl  be  (^7  Cafe  it.  i^fti^' 


Se^oitl 


For  the  diie&  Couife. 


■Jt 


As  the  mcrid,C|iff^,<^,I^?tt^^.  2a6.i 
is  to  Radius     --------- 

£6  is  the  Difference  of  Longitude  79-44 

10  the  Tang,  of  tlie  Courfe     -     19%  2 

which,  becaufe  the  Difference  of  Latitude  is  Souther- 

iy,  and  the  Difference  of  Longitude  Wefter^,  wijL 

be  South  »g%  22'  Weft,  or  S  *  W  80%  7'  Wcfler^". 


2-35439^ 

O.OOOOQj 
1.90004' 

9-5+574 


Then, 


^ttnthe  direft  Diftance.i 


As  %^A}Ui    -    -1  v;    -    -    -    -    -  ■  -    10.00090 
w'?o  t1ie  proper  Dlff.  of  Lat.     149.13  ^  -     2.173^1^ 

fo'js,  the  Secant  of  the  Courfe    19%  22    -  lo.oz^o^ 
to  vJji^^dU.cfl  DitUoce  ^  -     -     15SJ  '  -    -    2.19879^1 


^rom  the  Latitude  the  Ship  is"  in   - 
fabtraft  the  Lat.  of  tHe  Madeira     - 

and  there  remains      -     -     .     -     - 


'Cffflal  to  91 1  Minuter,  the  proper  DifFerencc  of  ul 
titedc  between  the  Sliip  and  the  j^irfrfrtra;    .     ",?'*i| 


I 


Attain,  from  the  merid.  Pares  anfwerinj 
JO  the  Latitude  the  Ship  is  in 


ilhe  Latitude  of  the  Aladeira 

3,'..-, 

atiJ  there  remains 


.Tike  the  meridional  l^ans  aiirwering  eo> 


^05fcP 


-----         iigK^ 
the  enlarged  Difference  of  Latitude  between  the  Sfiffll 
atid'ltie  TlfWiffl.  ■  ■  *.l 

Alfo,  from  the  Diff.  of  Long,  be-7      ^ 
iween  the  Liz.  and  the  Madeira  j  "     ^^ 

Take  the  Difterence  of  Long,  be-l 
tween  the  ZizffTii  and  the  Ship  \    *  »  ^9i 


and  there  remains     -----    10  ) 

equal  to  620.56  Minutes  of  Difference  of  Longlti 

between  the  Ship  and  the  Madeira  Wefterly.       \''i.\ 

Then  for  the  direft  Courfe  and  Diftan'ce  bct*cetttl 
Ship  and  the  Madeiia^  it  wilt  be 

For  the  direft  Courfe. 

As  the  merid.  Diff;  of  Latitude  1 196.4  (  - 
is  to  Radius  ----.-.,-. 
Ib'is  the  Difference  of  Longitude  620.56  ■ 
10  the  Tang,  of  the  Courfe     -     27°,  25'  - 

For  the  diraJl  DifUnce. 
-As  Radius     -     -     -    -     -.   _    ;     i     . 
is  to  the  proper  DifF. ^f  Latitude  ^it    'J 
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tp  is  the  Secant  of  iiie.,<Zgifr^  27",  ,25'  -    10.051,74 

10  the  dircft  Diftance,,  ^  -  102.7,     -  ^   "    3-&l*»<> 

Y  10.  Ir  is  very  common  in  working  a  Day's  Rcc- 
^qning  ai  Sea,  to  find  the  Difference  of  Latitude  md 
Departure  to  each  Courle  and  Diftance,  and  ai^dJng 
all  the  Departures  together,  and  all  the  Differences  of 
Latitudes  for  the  whole  Departure  and  Difference  of 
Latitude  made  good  that  Day  -,  from  thence  (by  Cafe 
S.  of  this  Se^ion)  to  find  the  Difference  of  Longitude, 
t?c.  made  good  that  Day.  Now  that  this  Method 
is  falfe  will  evidently  appear,  if  we  confider  that  the 
fame  Departure  reckoned  on  two  different  Parallels, 
will  give  unequal  Differences  of  Longitude  1  and  con- 
fequcntly,  when  feveral  Departures  are  compounded 
together  and  reckoned  on  the  fame  Parallel,  the  Dif- 
ference of  Longitude  refulting  from  that^  cannot  be 
the  fame  with  rhe  Sum  of  the  Differences  of  Longi- 
tude refulting  fropi  the  feveral  Departures  on  different 
l?^aralicls  j  and  tlicreforc  1  have  cliofcn  in  the  lall  Ex- 
ample of  a  Traverfe,  to  find  the  Diffcrcrnct:  of  Longi- 
tude aafwering  to  each  particular  Courie  and  Diifiince, 
-the  Sum  of  which  muft  be  the  true  Difference  of  Lon- 
gitude made  good  by  the  Ship  on  thel'e  leveral  Courfes 
and  Diftances. 

^,  II,  We  (hewed  at  /^ri.  5.  of  this  Seiltojt,  how  to 
conflruct  a  Mertatcr's  Cbari^  and  now  we  fliall  pro- 
ceed to  it's  feveral  Ufcs,  contained  in  the  following 
Problems. 

P}-oh.  I.  Let  it  be  required  to  lay  down  a  Place 
upon  the  Chart,  it's  Latitude,  and  the  Difference  of 
Longitude  between  it  and  fomc  known  Place  upon 
the  Charl  being  given, 

I  .  Example.  Let  the  known  Place  be  the  Uzard.,  ly- 
ing on  the  Parallel  of  50°,  00'  North,  and  the  Place 
■'to  be  laid  down  5/.  Karharine's,  on  the  Eafl:  Coaft  of 


BB^af'i 


differing  in  Longitude  from  the  JUzard 
'  t  Widlward  c 


n^i>',  lying;fo  ?5uch  t 


I 
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Let  L  repreft-nc  the  IJzard  on  the  ChsH 
fidte  1.)  lying  on  tlie  Parallel  of  50%  00'  North,  irf 
Meridian  AE.  Sec  off  from  E  upon  tlie  H^uai 
EQ^+l",  36',  towards  Q^  wliich  will  reach  f 
E  to  F.  Ihroiigh  F  draw  the  Meridian  FG, 
ihis  will  be  the  Meridian  of  5/.  Katharinii  ;  the,n  f 
off  from  Q^to  H  upon  the  graduated  Meridian  C 
bK  Degrees;  and  through  H  draw  the  Paralkll 
Latitude  H  M,  which  will  meet  the  former  Mci 
dian  in  K,  the  Place  upon  the  Chart  required. 

Pr«b.  2.    Given  two  Places  upon  the  Charts 
find  iheir  Difference  of  L,atitude  and  Difference  i 
Longitude. 

Through  the  two  Places  draw  Parallels  of  Latttudij 
then  the  Diftance  between  thefe  Parallels,  numbert 
in  Degrees  and  Minutes  ivpon  the  graduated  Meridiai 
win  be  the  Difference  of  Lat'tude  required ;  and  t" 
the  two  Places  drawing  Meridians,  theDiihincel 
twccn  theic,  counted  in  Degrees  and  Minutes  on  t 
Equator,  or  any  graduated  Parallel,  will  be  ihcF 
ference  of  Longitude  required. 

Prch.  J.  To  6nd  the  Bearing  of  one  Place  f 
another  upon  the  Chart. 

Example.  Required  the  Bearing  of  St.  JLitbari^li  d 
K  (lee  Plate  1.)  from  the  Lizard  m  L.  -'  } 

Draw  the  Meridian  of  the  Lixitrd  A  E,  and  join  ] 
Mid  L  with  the  right  Li  nc  K  L,  then  by  the  lliDc  t 
Choitls  meafuring  the  Angle  KLE,   and  with  t" 
entering  the  Table  at  Pa^e  156,   we  Ihal)  have  i 
Tiling  required. 

This  may  alfo  be  done,    by    having   Comp! 
drairn  on  the  Chart  (fuppofe  at  iwa  of  it's  Qwrw 
ihcn  lay  the  Pldge  «f  a  Ruler  over  thu  two  Plan 
and   let  fall  a  Perpendicular,    or    take  the  ncj 
Diftance,  from  tfic  Center  of  the  Compafs  nott  fhM 
firrt  Place,  to  the  Ruler's  Edge;  then  with  this  I""^^ 
lance  in  your  Compailes,    Aide  them  along  by  I 
Ruler's  Edge,   feteping  otie  Foot  of  them  clofc  1 
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ttie  Ruler,  and  the  other  as  near  as  you  can  judge 
perpendicular  to  It,    which  will  defcribe  the  Rumb 
required. 

Prob.  4.  To  find  the  Dlftartce  between  two  given 
Places  upon  the  Chari. 

This  Froblcm  admits  of  four  Cafes,  according  to  the 
Situation  of  the  two  Places  with  relpeft  to  one  ano- 
ther. 

Cafe  I .  When  tlie  given  Places  lie  both  upon  the 
Equator. 

In  this  Cafe  thei!"  Dift^tice  is  fotind  by  convening 
the  Degrees  of  Difference  of  Longitude  intercepted 
between  them  into  Minutes. 

Cafe  2.  When  the  two  Places  lit  both  on  the  fame 
IVleridian. 

Draw  the  Parallels  of  thofe  Places  :ind  the  Degrees, 
upon  the  graduated  Meridian,  intercepted  between 
thofe  Parallels,  reduced  to  Minutes,  give  the  Dif- 
tancc  required. 

Cafe  3.  When  the  two  Places  lie  on  the  fame  Pa^ 
rallel. 

Example.  Required  to  find  the  Diftance  between 
the  Points.K  and  N  (fcp  PtaCe  i.)  both  lying  on  the 
Parallel  of  28^,  00'  North.  Take  from  your  Scale 
the  Chord  of  60%  or  Radius,  in  your  Compafles,  and 
with  that  Extent  on  K  N  as  a  Bafe,  make  the  Ifofccks 
Triangle  K  P  N  v  then  take  from  the  Line  oi-  Sines 
the  Co-fine  of  the  Latitude,  or  Sine  of  62",  and  fee 
that  off  from  P  to  S  and  T.  Join  S  and  T  with  the 
right  Line  ST,  and  that  applied  to  the  graduated 
Equator,  will  give  the  Degrees  and  Minutes  upon  it 
equal  to  theDiltance;  which,  converted  into  Mi-- 
nutes,  will  be  the'Diftance  required. 

The  Reafon  <if  this  is  evident  from  Ss^.  VIIL  for 
it  has  been  tliere  demonftraied,  that  Radius  is  to  the 
Co-fine  of  any  Parallel,  as  the  Length  of  any  Arch 
on  the  Equator  to  the  Length  of  the  fame  Arch  on 
that  Parallel :  Now  in  this  Chart  K  N  is  the  Diftance 
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of  the  Meridians  of  the  two  Places  K  and  IsT  tipnn. 
the  Equator,  and  fince  in  the  Triangle  PN  K,  S  T 
is  parallel  to  K N,  therefore  PN  :  PT  ::N  K  :  TS. 
€onfequently  TS  will  be  the  Diftance  of  die  two 
Places  K  and  N  upon  the  Parallel  of  28^. 

If  the  Parallel  the  two  Places  lie  on  be  notfarfrom- 
riie  Equator,  and  they  not  far  afunder,  then  their 
Diftance  may  be  found  thus  :  Take  the  Diftance 
between  them  io  your  CompafTcs,  and  apply  that  to 
the  graduated  Meridian,  fo  as  one  Foot  may  be  as 
many  Minutes  above,  as  the  other  is  below  the  givea 
Faraliel,  and  the  Degrees  and  Minutes  intercepied^  * 
reduced  to  Minutes,  will  give  the  Diftance. 

Or  it  may  alfo  be  found  thus:  Take  the  Length.- 
of  a  Degree  on  the  Meridian  at  the  given  Parallel,  and- 
(urn  that  over  on  the  Parallel  from  the  one  Place  to 
the  other,  as  often  as  you  can ;  then  as  often  as  that 
Extent  is  contained  between  the  Places,  fo  man; 
"  Times  60  Miles  will  be  contained  in  the  Diftance  b( 
twecn  them. 

Cafe  4.  When  the  Places  differ  both  in  Longitude^ 
and  Latitude. 

Example.  Suppofc  it  were  required  to  find  the  Dif- 
tance between  the  two  Places  a  and  e  upon  the  Cbarf. 

By         .        . 

Proh.  2.  Find  the  Difference  of  Latitude  between 
them,  and  take  that  in  your  Compares  from  the  gra- 
duated Equator,  which  let  off  on  the  Meridian  of  tf, 
from  axoh;  then  thro'  ^draw  be  parallel  to  de,  and 
taking  a  c  in  your  Compafles,  apply  it  to  the  gradu- 
ated Equator,  and  it  will  ftiew  the  Degrees  and  Mi- 
^luies  contained  in  the  Diftance  required,  which  mui- 
^iplied  by  60,  will  give  the  Miles  of  Ditlancc. 

The  Reafon  of  this  is  evident  from  Art.  S.  of  this 
Se^.  for  it  is  plain  jc/  is  the  enlarged  Difference  oC 
Latitude,  and  ab  the  proper-,  coolequently  ae  thcf 
c^arg^^d  Diltaace,  sod  a  e  the  proper. 
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:  PrS.  5.  To  lay  down  a  Place  upon  the  Cbarfy  it*s 
Latitude  and  Bearing  from  fome  known  Place  upon 
the  Cbart  being  known  •,  or  (which  is  the  fame)  hav- 
ir>g  the  Courfe  and  Difference  of  Latitude  that  a  Ship 
has  madcj  to  lay  down  the  Running  of  the  Ship,  arid 
find  her  Place  upon  the  X^bart. 

Example.  A  Ship  from  the  Lizard  in  the  Latitude 
of  50%'  00'  North,  fails  S  S  W  'till  flie  has  differed 
her  Latitude  36%  40',  Required  her  Place  upoh 
the  CharL 

Count  from  the  Lizard  at  L,  on  the  graduated 
Meridian  downwards  (becaufe  the  Courfe  is  Souther- 
ly) 36%  40'  to^;  through  which  draw  a  Parallel  of 
Latitude,  which  will  be  the  Parallel  the  Ship  is  in.j 
then  from  L  draw  a  S  S  W  Line  L/,  cutting  the  for- 
mer Parallel  in/,  and  this  will  be  the  Ship's  Place 
upon  the  Chart. 

Prob.  6.  Onje  Latitude^  Courfe,  and  Diftance, 
failed',  given,  to  lay  down  the  Running  of  the  Ship^ 
and  find  her  Place  upon  the  Chart. 

Example.  Suppofe  a  Ship  at  a  in  the  Latitude  of 
iJO%  00'  North,  fails  North  37%  20',  Eaft  191 
Miles;    Required  the  Ship's  Place  upon  the  Chart. 

Having  drawn  the  Meridian  and  Parallel  of  the 
Placte  d,  fct  off  the  Runib  Line  n  ?,  making  with  a  b 
an  Angle  of  37*,  20',  and  upon  it  let  off  191  from  a 
to  f  J  thro*  rdraw  the  Parallel  t:  *,  and  taking  ^  ^  in 
your  Compafles^  app'y  it  to  the' graduated  Equator^ 
and  obfcrV€th<&  Number  of  Degrees  it  contains  i  then 
i^ount  the  fame  Number  of  Dcgttes  on  the  graduated 
Meridian  from  O  to  ^,  and  thro'  h  draw  the  Parallel 
b  ^,  which-  wilt  cut  tf  ^  produced  in  the  Point  e^  the 
Ship's  Ptec?  required. 

Prob.  7,  Both  Latitudes  atid  Diftance  failed^  given, 
«fr  find  the  Ship's  Place  upon  the  Chart. 
•  Ex^tf^piif.  Suppofe  a  Ship  fails  from  a^  iti  the  Lati- 
t<idc  of  20%  00'  North,  betwiien  North  and  Eaft  191 
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t6o  Mercator^^  Sailing: 

Miles,  and  is  then  in  the  Latitude  of  45%  o</ North  5 
required  the  Ship's  Place  upon  the  Ckart. 

Draw  de  the  Parallel  of  45°,  and  fet  off  upon  the 
Meridian  of  a  upwards,  a  b  equal  to  the  proper  Dif- 
ference of  Latitude  taken  from  the  Equator  or  gradu* 
ated  Parallel.  Thro'  b  draw  b  c  parallel  to  de\  thea 
with  191  in  your  Compafles,  fixing  one  Foot  of  them 
in  a  with  she  other  crofs  be  inc.  Join  a  and  c  with, 
the  right  Line  a  c,  which  produced  will  meet  de\n  e^ 
the  Ship's  Place  required. 

Prcb,  8.  One  Latitude,  Courfe,  and  Difference  of 
Longitude  given,  to  fiad  the  Ship's  Place  upon  the 
Chart. 

Example.  Suppoffe  a  Ship  from  the  Lizard  in  the 
Latitude  of  50°,  co'  North,  fails  S  W  ^  W,  'till  her 
Difference  of  Longitude  is  42'',  36' ;.  required  the 
Ship's  Place  upon  the  Chart. 

Having  drawn  A  E  the  Meridian  of  the  Lizard  at 
Lj  count  from  E.to  F  upon  the  Equator  42%  36Vand 
thro'  F  draw  the  Meridian  F  G  ;  then  from  L  draw, 
the  S  W  ^  W  Line  L  K,  and  where  this  meets  FG,  as 
at  K,  will  be  the  Ship's  Place  required. 

Prob.  9.  One  Latitude^  Courfe,  and  Departure 
given,  to  find  the  Ship's  Place  upon  the  Chari. 

Example.  Suppofe  a  Ship  at  a  in  the  Latitude  of 
200,  00'  Norths  fails  North  37°,  23'  Eafl,  'till  (he 
has  made  of  Departure  116  Miles-,  required  the 
Ship's  Place  upon  the  Chari. 

Having  drawn  the  Meridian  of  a^  at  the  Diflaace 
of  116,  draw  parallel  to  it  the  Meridian  k  L  Draw 
the  Rumb  Line  ac^  which  will  meet  kl'in  fome 
Point  c\  then  thro'  c  draw  the  Parallel  cb^  and  a  b 
will  be  the  proper  Difference  of  Latitude,  and  ^r  the. 
Departure.  Take  ab  \n  your  Compaffes,  and  apply  it 
to  the  Equator  or'  graduated  Parallel ;  then  obfervcj 
theNumber  of  Degrees  it  contains,  and  count  fo  many 
on  the  graduated  Meridian  from  C  upwards  to  b%t 
Thro'  h  draw  the  Parallel  b  e^  which  will  meet  a  c 
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produced  in  fome  Point  as  e^  which  ijs  the  Ship's  Place 
upon  the  Chart, 

Prob.  lo.  One  Latitude,  Diftance,  and  Departure 
given,  to  find  the  Ship's  Place  upon  the  Chart. 

Example,  Suppoie  a  Ship  at  ^,  in  the  Latitude  of 
20°,  00'  North,  fails  191  Miles  between  North  and 
Eaft,  and  then  is  found  to  have  made  of  Departure 
i  16  Miles-,  required  the  Ship's  Place  upon  tht;  Chart. 

Having  drawn  the  Meridian  and  Parallel  of  the 
Place .^,  fet  off  upon  the  Parallel  am  equal  to  116, 
and  thro*  m  draw  the  Meridian  kl\  take  the  given 
Diftaiice  191  in  your  Compafles,  fetting  one  Foot  of 
them  in  a^  with  the  other  crofs  ^/  in  r,  join  ac^  and 
thro'  c  draw  the  Parallel  c b\  fo  cb  will  be  the  De- 
parture, and  a  b  the  proper  Difference  of  Latitude  ; 
then  proceeding  with  this  as  in  the  foregoing  Problem^ 
you  will  find  the  Ship's  Place  to  \\z  e, 

Prob.  II.  The  Latitude  failed  from,  Difi'erence  of 
Latitude  and  Departure  given,  to  find  the  Ship's 
Place  upon  the  Chart. 

Example.  Suppofe  a  Ship  from  a  in  the  Latitude  of 
20°,  00'  North,  fails  between  North  and  Ealt,  'till 
(he  be  in  the  Latitude  of  45°,  00'  North,  and  is 
then  found  to  have  made  of  Departure  116  Miles; 
required  the  Ship's  Place  upon  the  Chart. 

Having  drawn  the  Meridian  of  ^,  fet  off  upon  it 
from  ^  to  ^  25  Degrees  (taken  from  the  Equator 
or, graduated  Parallel)  the  proper  Difference  of  La- 
titude 9  then  thro'  b  draw  the  Parallel  b  r,  and  make 
he  equal  to  n6,  the  Departure,  and  join  /?r.  Count 
from  the  Parallel  of  a  on  the  graduated  Meridian  up-, 
wards  to  b  25  Degrees,  and  thro'  h  draw  the  Parallel 
be^^  which  will  meet  ae  produced  in  forhe  Point  e^ 
and  this  will  be  the  Place  of  the  Ship  required. 

12.  In  Seff.  VII.  Vis  plain,  that  the  Terms  Meri- 
dional JDiJlance^  Departure^  and  Difference  of  Longitude^ 
were  fynonyinous,  *  cbnftantfy  fignifying  the  fame 
Thing  •,  which  evidently  follov/cd  from  the  Suppo- 
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firion  of  the  Earth's  Surface  being  projcftcd  or  ^ 
plane,  in  which  the  Meridians  were  made  p&rajlel, 
and  the  Degrees  of  Latitude  equal  to  one  another, 
^nd  to  thofc  of  the  Equator.  But  fince  it  has  beeq 
jfcmonftrated  (in  this  Se£lim)  that  if,  in  theProjeftion 
of  the  Earth's  Surface  upon  a  Plane,  the  Meridiavt 

■  be  made  paralk-l,  the  Degrees  of  Latitude  mull:  b^ 

■  unequal,  ftill  increafing  the  nearer  they  come  to  the 
Pole ;  it  follows,  that  thefe  TTms  muft  denote  Lines 
really  diifertnt  from  one  another.  Difference  if  Lm- 
.fiiiide  is  defined  at  ^r/.  14-  5^^.  III.  Meridienal  Dif- 
tance  at  Jrt.  3.  Set'i.  VIl.  and  Departure  at  ^^'^  8, 
of  this  SeSics. 
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4644 

465.4 

466.4 

467.4 
468.4 

469.5 

470.5 


3  5 


8 

MiM. 


12.9 

5^39 
5>4'9 
5»5-9 

516.9 
518-0 
519.0 
520.0 
521.C 

532. 
523.0 

524.0 
525.0 
526.C 


527.1 
528.1 
529.1 
530.I 
533.J 


471.5532.1 

472-5  533-> 
473-5J  534-1 

474-5l535-» 
475-5536-2 


47^-5  537-2 
477.5  538.2 

478.5  539.2 

479.6  540.2 
480.6  541.2 


Min. 


r 

■■IF   ^^ 

Se            ^T?«J&  fl/  Meridional  Fans. 

T 

^ 

L. 

9 

10 

_:ii_^ 

_H    1    H 

.6 

I 

U 

Min. 
5+2.1 

6~i 

72S-3 

Mil. 
736.8 

Min. 
848.5 

Min. 
910.5 

w.*j 

1 

972.8 

1 

!«-3 

604.1  665.1 

726-4 

737,9 

849.5 

9,1.5 
912.6 

973-8 

1 

St+'S 

605.1  666.1 

7-7-4 

788.9 

850.6 

974-8 

1 

3 

';45-3 

606.1  667,1 

7284 

789-9 

851.6 

9(3.6 

97  S -9 

ta 

+ 

5 

546^ 

607..   - 
6q8.2 

608.1 

7=9-4 
730-5 

790-9 
792.0 

852.6 
853,7 

914.6 
915-7 

976.9 

978.0 

S47-3 

^■. 

6 

548.3 

609.  z 

6yo.2 

731-5 

793-0 

854,7 

916.7 

979-i 

^ 

7 

S49-3 

6ic.z 

67i.!!7jJ.s 

794-0 

SSS-7 

9'7-7 

^^^H 

B 

iS®-J 

6(1.2 

67J.2  733.S 

79S-0 

856,8 

918.8 

98 1. ^^H 

■ 

9 

5S'-4 

612.1 

673. z  734.6 

7^, 

8_S7^3 

9.9.8 

983.^H 

~ 

!Si.4 

6.3.2 

674-3  7J!-6 

797-' 

833.9 

920.8 

9834^1 

^^^H 

«i 

Si3'4 

614.2 

673.3  736-6 

798.1 

859,9 

921.9 

ggj.]^^H 

^^^1 

12 

!S4-4 

615.5 

676,3  737.6 

799-1 

861,0 

922.9 

985.^^1 

^^^H 

'3 

5i54 

616.3 

677-3'738-7 

800.2 

36z,o 

923.9 

986.^^1 

■ 

'4 

5;6,+ 

617.3 

678-3J739-7 

80J.2 

863,0 

925.0 

9S7:^H 

■ 

i; 

5!  7-4 

5i8.} 

679-t  7*0.7 

3Q3.2 

864,, 

926.0 

98^-^1 

i6 

Sib. 4 

619.3 

6go-4!74i-7 

803., 

865,, 

927.0 

989,4. 

^^^1 

»7 

S59-4 

620.3 

68.-4I74Z-8 

S04.3 

S66.1 

928.. 

990.+ 

iS 

;6o.s 

6=1.3 

632.4:743.8 

805.3 

S67.2 

929,1 

991.5 

I 

'9 

562.5 

622.4 
623.4 

683-4,744.8 
684!!7«.8 

806.3 
807.3 

368.2 
S69.2 

930,1 
931,2 

992-J 

993-6 

ZI 

563-5 

624.4 

683.51746,9 

803.4 

370,3 

932.2 

994.6 

^^H^ 

az 

564.5 

625.4 

686.5I747.9 

809.4 

87.-3 

933-2 

995.fi 

ft 

«3 

0';-? 

626.4 

687,3:748,9 

3,0., 

872-3 

934-3 

996.7 

24 

566.6 

6^7-4 

688,3 

749,9 

8, ,.4 

873,4 

9353 

997-7 

~ 

567.6 

628.5 

689,6 

7S1-0 

8,!.; 

874.4 

93^-3 

998.8 

26 

568.6 

6sg.^ 

690.6 

752-0 

8.3-s 

873-4 

937-4 

999.9 

=7 

569.6 

650.; 

691-6 

7S3-6 

814-5 

876,5 

958,4 

4 

28 

570.6 

6j,.s 

692-6 

7S+-0 

s.i-s 

877,5 

9i9-i 

1001.9 

1 

«9 

;;..6 
9 

6J..5 

6936 

7!)-' 

8i6.6 
Min. 

878,5 
Mi. 

940,5 
Min. 

1002,9 

Mm. 

~    V 

16 

■ 

L 

M 

\fi  TaMe  of  Meridional  PaNs. 


2^7 


*- 

1    9 

10 

11 

12 

13 

M 

Mitt. 

Min,      Mitt, 

Mitt, 

Mitt. 

30 

57^-^ 

633.5 

694.7 

756.1 

817.6 

5> 

5737 

634.6 

695.7 

7S7'i 

818.6 

32 

574.7 

635.6   696.7 

758.1 

819.6 

33 

575-7 

636.6   697.7 

759.Z 

820.7 

34 

5767 

637.6   698.7 

760.2 

821.7 

35 

57Z7 

638.6 

f 
699.8 

761.2 

822.7 

36, 

57^7 

6,9.6 

700.8 

762.2 

823.7 

37 

5797 

640.6 

701.8 

7^=3-3 

824.J; 

38 

580.8 

641  7 

702.8 

764.3 

825.8 

39 

581.8 

642.7 

703.8 

765.3 

826.8 

40 

582.8 

6437 

704.9 

766.3 

827.9 

41 

583.8 

644.7 

705.9 

767.4 

828.9 

42 

584.8 

645.7 

706.9 

768.4 

829.9 

43 

585.8 

64O.7 

707.9 

769.4 

831.0 

44 

586.8 

6477 

708.9 

770.4 

832.0 

^^5 

587.9 

648.8 

710.0 

771-5 

833.0 

46 

^88.9 

649.8 

711.0 

772.5 

834.1 

47 

589.9 

650.8 

712.0 

773-5 

835-1 

48 

590.9 

651.8 

713.0 

774-5 

836.1 

49 

591.9 

* 

652.8 

714.1 

775-6 

837-2 

50 

592.9 

653.9 

7 1 5. 1 

776.6 

838.2 

5« 

593-9 

654.9 

716.1 

777,6 

839.2 

52 

595.0 

655.9 

717,1 

778.6 

840.3 

53 

596.0 

656.9 

718.2 

779-7 

841.3 

54 

597.0 

657.9 

719.2 

780.7 

842.3 

55 

598.0 

^59.0 

720.2 

781.7 

843.4 

56 

599.0 

660.0 

721.2 

782.7 

844.4 

57 

600.0 

661.0 

722.3 

783.8 

845-4 

58 

601.0 

662.0 

7^3'S 

784.8 

846.5 

59 

602.1 

663.0 

724-3 

785.8 

847.5 

^ 

Mw, 

Mitt, 

Mitt, 

Mitt, 

Mitt, 

£.      9 

10 

II 

12 

13 

H 


^(■«" 


■Mitt, 

879.6 

880.6 
881.6 
882.7 

8837 

884.7 
885.8 

886.8 
887.8 
888.9 

■  *  _ 

8899 
890.9 
892.0 
893.0 
894.0 

895.1 
896.1 
897.1 
898.2 
899.2 

900.2 
901.2 
902.3 

903.3 
904.3 

905.4 
906.4 
907.4 
908.4 
909.5 

Mitt. 
H 


ittt. 


946.7 

947.7 
948.7 

949-8 
950.8 

951.9 
952.9 

953-9 
955.0 

956.0 


16' 


Mi 


957-1 
958.1 

959.2 

960.2 

961.3 

962.3 

963.4 
964.4 

965.5 

966.5 

967.6 
968.6 
969.6 
970.7 

9717 

Mitt. 

»5 


/«• 


004.0 
005.0 
006.1 
1007. 1 
iooS.i 


J 


^B      s&B              A  rsiU  of  mritSenal  Parts. 

I 

i. 

.7           i8 

'9 

20 

21 

22 

-; 

■ 

iW 

M«.       Ml*. 

Mtn. 

M,n. 

Min. 

M/.7. 

'4.8.7  ^ 

1035.3- 

oqE.2 

,.6.., 

225.1 

.2Bg.2 

'3S3'7 

1 

103O.3 

1290.2 

.35^,8 

■419.7 

z 

1057-4 

100.3 

1163.5 

1291.3 

<3,5.S 

14Z0.8 

1 

1038.4 

1101.4 

.,64.7 

228., 

1292.4 

1356.9 

14*1.9 

4 

1039-S 

110:  .4 

(.05. 7 

2Z9.4 

'293'S 

i3S«-o 

1425.0 

10+0.5 

IJ03.! 

■16S.8 

Z30.4 

.2.74,5 

1359.0 

1424.1 

h 

10+1.6 

1104.5 

1,67.8 

.360.1 

1425.1 

7 

IC14Z.6 

1105.0 

>  yb'a.--} 

212.6 

129D.7 

r,6..z 

142S.. 

S 

1043-7 

nob. 6 

U7o,o 

233.6 

1297.8 

•362,3 

1427.3 

9 

1044.7 

1107.7 

nyi.o 

^5+7 

1298  8 

'3'53-3 

1428.4 

in 

ib+i.8 

1108.7 

1172.1 

.z,(.3 

.i64-* 

1429.5 

II 

1046.8 

1109. i 

i'73-' 

1256.8 

1301,0 

1365.5 

H3B.6 

IZ 

1047.9 

1110.8 

1I74-2 

ii37-9 

1302.0 

i4J'-7 

io>K.9 

nil. 9 

1175. z 

'3°J' 

,,67,6 

1452.S 

!i 

1049.9 

1 11 2.9 

n76.5 

1240.0 

1304.2 
•305-3 

i3''«-7 

'43J-9 

1051.0 

lil^.O 

1177.+ 

1241.1 

.169,8 

■«4il 

lb 

1052.0 

1115.0 

1,78.4 

1 ;42.2 

.■,ofi., 

'J7°-9 

1436.0 

17 

1053.1 

1116.1 

1179.5 

1143-2 

'.i°7l 

1372,0 

'+';■' 

Itf 

Joj4'i 

1117.1 

1244.3 

1308.5 

'373-' 

H5S.. 

»9 

10J5.2 

1245.4 

1309.6 

'374* 

14J9.5 

so 

1056.2 

1119,2 

.1B27 

.2+6,+ 

.V0.6 

'37S-3 

1440.4. 

'057'3 

1130.3 

"S3.7 

1247.; 

,311.7 

'376-4 

M4>-S 

1 

32 

105S.3 

11:1.5 

M84.8 

1248,6 

n-2.K 

'377.4 

H,>.6 

^^H 

31 

1059.3 

nB^,8 

iz+9.6 

'IH.S 

.37^,5 

'44S-7 

■ 

?4 

1060.4 

I1Z3.4 

M86.g 

1250.7 

'3'4-9 

•379-6 

1444-8 

■ 

■21 

1061.4 

1124.5 

11S8.0 

125. .8 

,,.6.0 

.380,7 

I44S.B 

26 

1.89,0 

1317.1 

n8i.K 

1440  » 

^^^1 

27 

1063.5 

1126.6 

1.90.1 

"i!3.9 

M'S.i 

13K2.8 

i44«.° 

^^^P 

Ztj 

1064.6 

1127.6 

■  191.1 

1255.0 

13,9,2 

1383,9 

■  449.1 

^' 

29 

1128.7 

1192,2 

1256,0 

'310-3 

'3S5-0 

1450.2 

L 

A/ 
i. 

Min. 

Min. 

Mi^. 

Mi«. 

Min. 

Mi». 

Ml. 

>7 

18 

'9 

20 

21 

Zl 

?i. 

i 

1 

A  Table  of  Meridional  Farts. 


ik^. 


M 

30 
3' 
32 
33 
34 

36 
37 
38 
39 

40 
41 
42 

43 
44 

.45 
46 

47 
48 

49 

50 

5» 

52 
S3 
S4 

57 
58 
59 

M 

J  7 

18 

'9 

20 

21 

.  22 

■  n  '[ 

Mitt. 

Min, 

Min^ 

Min. 

Min. 

Min, 

Min,     ■ 

1066.7 

1067.7 

1068.8 
1069.8 
1070.9 

1129.7 
II30.8 
1131.8 

1132-9 
1134.0 

1193.2 

.1194.3 
1195.4 

1196.4 
1197.5 

1257.1 
1258.2 
1259.2 
1260.3 
1261.4 

1321.4 
1322.4 

«323-S 
1324.6 

^325-7 

1386.1 

1387.2 
1388.3 
1389.4 
1390.4 

H5«-3 

1452.4 

H53-S 
1454.6 

1072.0 
1073.0 

1074.1 
1075. 1 

1076.2 

i'35» 
1136.1 

1137.2 

1138.2 

*  1 39-3 

1198.5 
1 199.6 
12CO.7 
1201.7 
1202. 8 

1262.4 
1263.5. 
1264.6 
1265.6 
1266.7 

1326.7- 

1327.8 

1328.9 

1330.0 

1331.0 

1391.5 
1392.6 

« 393-7 
1394.8 

1395.8 

1456.8 

H57-9. 
1458.9^ 

1460.0 

1461. 1 

1077.2 
1078.3. 

1079.4 

1080.4 
1081.4 

1140.3 
1141.4 

1 142.4 

>  143-5 
1 144.6 

1203.9 
1  204.9 
1206.0 
1207.1 
1208.1 

1267.8 
1268.8 
1269.9 

1 271.0 

1272. 1 

1332.1 
«333'2 
» 334-2 
'335-3 
»336.4 

1396.9 
1398.0 
1399.1 
1400.2 
1401.3 

1462.2 

'•463-3 
1464.4 
1465.5 
1466.6 

1082.5 

I083.5 

1084.6 
1085.6 
1086.7 

1145.6 
1146.7 

IH7-7 
1148.8 

1149.8 

1209.2 
I2I0.2 
1211.3 
1212uf. 
1213.4 

1273.1 
1274.2 

»275-3 
1276.3 

1277.4 

«337-5 
1338.6 

«339-7 
1340.7 

1341.8 

1402.4 
1403.4 
1404.5 
1405*6 
1406.7 

1467.7 
1468.8- 
1469.8 
14709 
1472.0. 

1087.7 

1088.8 

1089.8 
( 090.9 

1091.9 

1150.9 
1152.0 
1153.0 
1154.1 
1155.1 

1214.5 
I215.5 
1216.6 
1217.7 
1218.^7 

1278.5 
1279.5 
1280.6 
1281.7 
1282.7 

1342.9 
1344.0 

J345-0 
►346. 1 

1347.2 

1407.8 
1408.8 
1409.9 
1411.0 
1412.1 

1473.1 
1474.2 

'475-3^ 
1476.4 

'477-S 

1093.0 

1094.0 
1095.1 
1096. 1 
.1097.2 

1 156.2 
1157.2 
115^.3 
1159.4 
1160.4 

1219. 8 
1220.9 
1 2  2 1 .9 
1223.0 
1224..1 

1283.8 
1284.9 
1286.0 
1287.0 
1288.1 

» 348.3 

« 349-4 
1350.4 

»35«-5 
1352.6 

1413.2 
1414.3 
1415.4 
1416.5 
1417.6 

i478.6> 

H79-7 
1480.$^ 

1481.91 

1483.0. 

Mitt. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min, 

»7 

18   '   19 

20 

21 

22 

23.  ' 

17<* 


A  TaMe  of  ii/tmdionat  Pixttii 


L. 

M 

0 

1 

2 

3 

4. 

• 

5 
6 

7 
8 

9 

lo 
II 

12 

»3 

H 

'5 
i6 

«7 
i8 

J9 

20 
21 
22 

23 
24 

26 

27 
28 

29 

r 

24 

.  25     26 

27 

28 

29 

(   ^° 

Min, 

A//>. 

Min, 

Mifz. 

Min. 

Mitt. 

Af/>. 

1484. 1 

1 465 . 2 
1.486.3 

»4^-3 
148^.4 

1550.0 
1551. 1 
1552.2 

'553-3 
»554-4 

1616.5 

1617.6 
1618.7 
1619.8 
1620.9 

1683.6 
1684.7 
1685.8 
1686.9 
1688.0 

1751.2 

'752.3 

'753-4 
1754.6 

'755-7 

1819.5 
1 820.-6 
1821.7 
1822.9 
1824.0 

1888.^ 
1889.^ 
1890.7 
l89l.9r 

1489.5 
1490.6 
1491.7 

14-92.8 
1493.9 

1555-5 
1556.6 

«557-7 
1558.8 

'559-9 

X561.0 
1562.1 
1563.2 

1564-3 
1565.4 

1622.0 
1623.2 
1624.3 
1625.4 
'1626.5 

1689.1 
1690.3 
1 69 1. 4 
1692.5 
1693.6 

1758.0 
1759.1 
1760.2 
1761.4 

1825.2 
1826.3 

1827.5 
1828.6 

1829.7 

1 894.9 

'895-3^ 
1896.5 

1897.8 

1898.8 

1495.0 
1 496. 1 
1497.2 
1498.3 

»499-4 

1627.6 
1628.7 
1629.8 
1631.0 
1632.1 

1694.8 
1695.9 
1697.0 
1698.1 
1699.3 

1762.5 
1763.6 
1764.8 
1 765.9 
1767.0 

1830.9 
1832.0 
1833.2 
1834,3 

'S35.5 

1899.9. 

1901.1 

1902.3 

'903-4 
1904.6 

1500.5 
1501.6 

'502.7 
1503.8 

1504.9 

1566.5 
1567.6 

1568.7 
1569.8 
1571.0 

1633.2 
1634.3 

J635-4 
1636.5- 

1700.4 
1701.5 
1702.6 
1703.8 
1 704.9 

1768.2 
1769.3 
1770.5 
1771.6 
1772.7 
1 

1836.6 
1837.8 
1S38.9 
i84©.r 
184J.2 

1905.7 

1906.9 

1908^1 

1909.2 

1910-4 

\  506.0 
1507. 1 
1508.2 
1509.3 
1510.4 

1572.1 
1573.2 

^574-3 
'575-4 
'576.5 

1638.8 
1639.9 
1641.0 
1642.1 
'643. 2 

1706.0 

1707. 1 
1708.3 
1709.4 
1710.5 

'773-9 

I775-0 
1776.1 

1777.2 

1778.4 

1842.4 
1843.5 
1844.6 
1845.8 
1846.9 

1911.^ 
I9I2.7 
1913.8 

1915.0 : 
1916.2  ' 

1511.5 
1512.6 

i5'3-7 
1514.8 

1515.9 
Min.  ' 

1577.6 

1578.7 
1579.8 
1580.9 
1582.0 

'644.3 
1645.5 
1646.6 
1647.7 
1648.8 

1711.6 
1712.8 
1713.9 
1715.0 
1716. 1 

J779-5 
1780.6 

1781.8 

1783.0 

1784.1 

1848.1 
1849.2 
1850.4 
1851.5 
1852.7 

i9'7-3  , 

1918.5  1 

1919.6  : 

1920.8  : 

192 1.9 

Min. 

Mw, 

Mift, 

M:n.  . 

M/n.  . 

Min. 

! 

24 

[.'->... 

26 

27   '   2S 

29 

■    30    1 

'A  TaBe  vf  Mmdkml  Paftii 


^ 


L. 

M 

H 

^5 

26 

27 

28 

29 

3° 

Min. 

Jl/i«. 

Mb. 

Mln. 

Mh,. 

Mi„. 

iW/n. 

1517.0 

i,'Bl.a 

.649.9 

1717-8 

,785.2 

1853.9 

1923.1 

1" 

i,iB.. 

'SH-S 

.651.0 

I7lH,4 

. 7^6.4 

1H55-0 

■  924.3 

li 

1519.2 

■585-4 

.652.2 
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/^tftion's  that  may  be  projibred  op-!, 
'Head  being  innumerable,  t  0iall  onjy  g"ivc;-,iK 
idf  the  moft  ufefuU  '^L-i'' 


P  R  O  B. 


Coafidng  along  tBe  Shore,,  I  faw  a  Gape  biar  froi 
me  N  N  E,  then  I  ftood  away  N  W  b  W  20  Miles, 
iandJobferved  the  fame  Cape  to  bear  from  me  NEAEv 
jTCqcifffii  the  Diftance  of  ibe  Ship  from  the  Cape  ft- 
««sb3i^tiO0-  -        .  tJ 

i,ii:  as:  :     .  Gtoimirtial^^ .  ---         'I  ■ 

^sW-'  '^'-'    .      --  ■  ■■■  -•   '     ■  ■■  ■  "    ■"■"'■ 

Draw  the  Circle  N  W  S  E  to  reprefent  the  Comi- 

pafs,  NSihe  Meridian,  and -WE  the  Eaft  and  Welt 

Line,  and  let  C  be  llie  Place  of  the  Ship  in  her  firft 
Station ;-  then  from  C  fet  off 
upon  the  N  W  i  W  Lii 
C  A  20  Miles,  and-  A 
be  the  Place  of  the  SKip' 
her  fecond  StatioAi     ' 

From  C  draw  the  NWfe 
Line  CB,  and  from  A  draw 
A B  parallel  totbe  NEiE 
Line  CD,  which  will  m 
CB  in  B,  the  Plaeiiep 
^Cipe,  and  CB  will  Bff- 

BiftaiWftof-itii-om  the  Ship  in  it's  fird  Statitfni^; 

AB  the  Diftance  in  the  Second.     To  find-tfJiSS'S 


5«IF/Sf^ 


By  Calculation. 

In  the  Triangie'jA.  C  B  are  given  AC,  equal  to 
20  Miles,  the  Angle  A  C  B  equal  to  78°,  45',  th« 
biftancc  between  the  NNE  and  NW^W  Lines, 
alfo  the  Angle  ABC,  equal  to  BCD  {by  Jrt.  ■^6. 
Se£l,  I.)  equal  to  53°,  45',  the  Diilahce  between  the 
NNE  and  NE^E  Lines ;  aiid  conrequcncly  the  An- 
gle A  equal  to  67°,  3D'  (by  Cor.  i.  Art.  61.  Se^,  I.) 

Hence  for  C  B,  the  Diftancc  of  the  Cape  from  tha 
Ship  in  her  firft  Station,  it  will  be  (by  Cafe  2.  of  Oi- 
tique  Tri^ommetry) 

S.  ABC  :  AC  :  :  S.  BAC  :'CB. 

i.  e.  As  the  Sine  of  thti  Angle  B  33%  45*  5.744)14 
is  to  the  Diftance  run  AC  -  -  lo  -  i.jOtOj 
fo  is  the  Sine  of  BAC  -  -  67°,  30'  9.96562 
lo  CB  -  ---•-.  33-26  -  1.52191 
the  Diftance  of  the  Cape  from  the  Ship  at  the  firft 
Station.    Then  for  A  B  it  will  be  {iy  the /am  Cafe) 


,5.  ABC  :  AC  ::  S.  ACB  :  AB. 


fl./.  As  the  Sine  of  B 
IS  to  AC    -    -    -    - 

fo  is  the  Sine  of  G 


-     33  '  45 
-    20     - 

78%  45' 


974474  , 

1. 30 1 03 

9-99^57 

i-54789 


to  AB 35,31 

the  Diftaficc  of  the  Ship  from  she  Cape  at  her  lecoml 

■Wtllj  fi-'i' 

aA.;.    -  PROS    2. 

2ti;^oa{iing  along  the  Shore  I  faw  two  Headlands,  the 
^ft  bore  from  me  NE*E  17  Miles,  the  other  SSW 
,^Q  Miles ;  required  the  Bearing  and  Pittance  of  chef« 
Hea^l^s  from  one  another. 

U  2  Ctmtiritai^i 


Line,  to  fintl 


GcmttricAlh/. 

CompafsNWSE,  let  C*r 

Tcrit  rhe  Place  of  the  ^tapr 

fet  off  upon  the  N  E  i  E 
Line  CA  17  Miles  from  C 
to  A,,  and  upon  ihe  S  S  W 
Line  CB  20  Miles  frtm  C 
[6  B,  "and  join  A  E»  then  A 
will  be  the  Srft  Headland, 
and  B  the  fccbnd ;  alfo  AH 
will  be  their  Diftance,  and 
the  'Angle  A  will  be  the 
Bearing  from  the   N  E  i  E 


"Dv  VaRulatiow: 


\ 


'•  InrtieTriangle-ACB  are  given,  AC^;,  CB  30, 

and  the  Aiigle  ACB  equal  to  1,01  °»  15',  the  Diftance 

between  the  NE^E  and  S^  W  Lines.     Hence  by 

Cafe  4.  of  Ollique  jht^kr  Trigosemctry  it  wilV  be 

♦Ks  the  Slim  of  the  Sides  AC  and- CB    37     i.'s^Bw) 

th'to  theirDifferehce       -----     3     O-^-Jfti 

JSris  iKeTansT.  of  i'ttie'SurnT        .    ...         '   * 

'C     of  the  Angles  A  and  B    j    39  '  ^^ 

"tbtfic  Tang.  ofUalf  their  Dtff.    3",  49"  •• 

conlequently  the  Angle  A  will  be  43°,  11 

Angle  B  35",  34'j    alfo  the  Bearing  of  B  from  A 

will  be  S  >  W  1  •;  4^,  '^Vefterty,   and  the  Bearil^ 

_of  A  fiom.B  mill  b=  N*E  1°,  49',  Eafterly, 

Then  for  the  Diftance  AB  it  vtiII  be,  hfCiji 
'VlilHii'itKiiilit  Vrigtnmtirj, 


nd  th( 


"I 


"iaue 


AB. 


S.  A  :  e  B  :  :  S.  C 

i. /.  As  the  Sine  of  A  -  43% 'i'  -  ■ 
js  to  CB    -    -    -    ■:    -   ^o     -     -     - 

fo  is  the  Sine  of  C  -  •  ioi%  15'  -  - 
to  AjB-  ^  .-  •  -  -  28.67  -  -  . 
the*  Diflancc  between  the  two  Headlands. 


1.3010J 

9-99 '57 

'•45733 


y. 


t»  R  O  B.    3. 


Coaftiag  along  the  Shore  I  faw  two  Headlands,  the 
firft  bore  from  the  N  W^N,  and  the  fecond  N  N  E ; 
then  {landing  away  EiN  ^  Northerly  20  Miles,  I 
found  the  firft  bore  from  me  W  N  W  f  Wefterly, 
and  the  fccqnd  N^Wf  Wefterly;  required  the 
Searing  and  Diftance  of  thefe  two.  Headlands* 

Geometrically. 

Having  drawn  the  Compafs  N  WSE,  let  C  rcpre* 
fent  the  firft  Place  of  the  Ship,  from  which  draw  tha 


\ . 


■  ■--»  •    4 


a 


NW3^  Line  CB,  and  the  N  N  E  Line  C  D,  alfo 
|htf  E^N  ^  N  Line  C  A,  which  make  equal  to  20. 

U  3  .    -   From 


f9^' 


OUtflie  5rfJ%'.-' 


From  A  dr^w  A  B  parallel  to  the  W  N  W  ^  Vf  jlU 


E-thet 


vJi)i;t 


and  AD  parallel  to  the  N  ^W^W  meetn 
6r{t  Lines  in  the  Points  B  and  D ; 
the  firft,    snd  D  the    fecond  HeadLind.     JoiO. 
Points  Band  D,    and  BD  will  be  tlie  DiftanCe 
tween  them,  and  the  Angle  C  D  B  the  Bearing 
the  NNE  Line.    To  Btid  wh'ch  , 


By  Ccikulathn. 

1.  In  the  Triangle  ABC  are  given  the  Angle 
BCA,  equal  to  104°,  04',  the  Diftance  between 
the  NWiN  Line,  and  the  E^'EiE  Ljne,  the  Ang, 
B  AC  equal  to  36°,  34',  the  Diftance  between  tfe 
WSW-I-W  Line  and  the  WN"W|W  Line,  tho 
Angle  ABC  equal  to  39%  22',  the  Diftance  between 
the  E  S  E  i  E  Line,  and  the  S  W  ^  S  Line,  alfo  the 
Side  C  A  equal  to  20  Miles,  whence  fgr  C  B  it  will 
be,  by  Cafe  2.  ef  Plane  Trigo/iomctry, 

As  the  Sine  of  CB  A  -  r  39",  22' 
is  to  AC  -..-._  20- 
fp  is  the  Sine  of  B  AC     -     2^",  34' 

to  CB 18,79 

(he  Diftance  between  the  firft  Headland  and-thp. 
in  her  firft  Station. 

2.  In  the  Triangle  AC  D,  are  given  the  Anjd 
ACD  equal  to  47",  49',  the  Diftance  between  thi 
ENE^E  Line,  and  the  NNE  Line,  the  Angle 
CAD  equal  to  92°,  42',  the  Diftance  between  the 
WSWiW  Line,  and  the  N^WiW  Line,  the 
Angle  CD  A  equal  to  39°,  22',  the  Diftance  be- 
tween the  SS  W  Line,  and  the  S^E^E  Line,  alfo 
the  L.eg  C  A  equal  to  20.  ' 

Hence  for  CD  it  will  fae,  hyCt/fzl  ^  { 


is  to  AC  -  -  V-  -  -  ,.-_  2<i;  ,£,;-:'!.,■,  1-30103 '■ 
fQis.theSineof  CAD     -  " -9?%  34' -' -    g.^ggGp" 

to  CD,-   T.  ,- ^ -.'r,\,"-- -   zy-i"'r:  i\4Cifi^, 

the  Diftanca  bet«?eei\-the  ftco^d.  peajcUaod^  and,  tjiei. 
Ship  in  hsr  iJrft  Station.  "     .  ''^    :t.  IS."'',^^^ 

3.  In  tlic  Triangle  BCD  are  given  BC  18:79,' 
CD  31.5,  and  the  Angle  BCD  equal  to  56= ^  15', 
the  Diftance  between  the  N  W  i  N  Line,  and  the 
NNELine. 

Hence  for  the  Angle  C  D  B  it  will  be  (by  Cafe  4. 
of  Oblique  Trigenometry)      '  .,  '  ,  . 

As^t^eSym  of  the  Sides    -     50.29     -  ■'- .  i,7"Oi4it; 
is;t6  the'Diffcrence.of  Sides  12.71    •    -  *  1.104,15-  , 
i9;is  TTaihgent  of  4- Sum?     ^^<,        ..      .,^x.,,(i^' 
■pftbc  unknown  Angles}.    ^' '  ^      '    '°-''^^l%. 
to, Tang,  of  Half  theitDiff.  25",  18'/--  '  5.^745$; 
conlequemly  the  Angle  CBD.is  &7%  10',  "and'tpiiJC 
Angle  ij  D  B  36%  ^5', ;''  Hence  the  Bekring  of,  t^ij; 
firft  Headland  from' the  fccond  Will  be  ^  's^''^  S*," 
W  ofrSWiW.i'VV  .nearly,  and  for  the.Diftanw, 
hetween,thcm  it  will  fae,  ■,'"'! 

As  the  Sine  of  B  D  C      -      3^°>  ^5'     "      S'hh^. 
isto.BC    -      -     -     -     -     -     18.^9      -       1.27383. 

(9  is  the  Sine  of  B  C  p  .--  56°,  15'  .-  g-si$Ss. 
to  BD  -  .  -'-  -  -  ^6.21  -  1.41843' 
the  Diftancc  between  the  two  Headlands. 

.Thi#  qild  the  firll;  Problem,  are  of  great  Ufe-  in 
drawiBgJthe  Plot  of  any  Harbour,  or  laying  down 
*|if  S^-Cflaft,       - 

S  fZJA'  ■     I"  ^  O  B.    4. 

Su^pofe  a'Ship  that'makes  her  Way  good,  within. 
'  "^^  °^  the  "Vy.itni.    at  J^or'th,  is  boHfi^  to  a 
wanng'Eaft  S£J  Miles  .Diftancc  fropi  |ieri  re^. 
U  4  '""""^quiftif 


^6  Omipk  SilHng. 

c;u>ed  the  Courfe  and  Diftance  upoi^t  eicli  Ti^f^ 
gain  the  intended  Port.  •  —  -3  ** 


1.     j:r:    [,^  -j  ot 

.T         ■ — k 


Having  dr^wti  the Com()ars  NESfW,  !tf  t?^ifej^ 
fent  the  Ship's  Place,  and  let  bflFupon  the  Eaft  Line 
C  A^86  Miles,  lo  A  will  be  the  intended  Port.  Draw 
CD  and  CB  on  each  ISide  of  the  KoAh  Line;  ar  6^ 
Points  Diftance  from  it,  and  thrb'  A  dra*  AB  paril- 


I  • 


•-  - 


IcltoCD,  meeting  CB  in  B;  the  ENE^E  Lke 
C  Bt  will  he  the  Courfe  of  the  Ship  upon  the  Starr 
board  Tack,  and  C  B  it's  Diftancc  on  that  Tact$ ; 
alfo  the  ESEiE  Line  A.B,  will  be  the  Courfe  on 
the  Larboard  Tack,  and  3  A  the  Diftaace  on  that 
Tack.     Xo  find  which 

By  Calculaiion. 

In  the  Triangle  ABC  are  given,  the  Angle  ACB 
equal  to  i6%  53',  the  Diftance  between  the  Eaft*ahd 
ENEtE  Line,  the  Angle  CBA  equal  to  146%  14', 
the  Diftance  between  the  E  N  E  -;-  E  and  the  W  N  W 
tW  Lines,  the  Angle  B  AC  equal  to  16%  53',  the 
Diftance  between  the  Eaft  and  SSEvE  Lines,  -^^fo 
AC  86  Miles.  \^i 

Hence  fince  the  Angles  at  A  and  C  are  eqijial,  the 
I^gs  C  B  and  B  A  will  likcwife  be  equal ;  to.  j^ul 
pither  of  which  (fuppofe  C  B)  it  will  be,  by  Cafe  2. 
cf  Oblique-angled  l^rigonom€tn\ 

6  As 


As.jJ^^ine»fB  -  146%  14'  -  -  -  974493 
is  to  AC  -  -  -  86  -  r  •  ,  -  -  ^-93450 
fo  is  the  Sine  of  A  -  16°,  53'  -  -  -  9-46303 
toCB  -  -  -,7, 44,94  -  .  .  1.65260 
tbjeJpid:an^e  the  iSbip  tnuftfailoA  each  Tack. 

A  great  Variety  of  ufeful  Queftions  of  this  KinjT 
may  be  propofed,  but  the  Nature  of  them  being 
better  underftood  by  Eradtice  ^t  Sea,  we  fhall  leave 
them  and  go  on  to  Current  Sailing. 


s  is  c  T.  xii. 

Concerning  Currents,  and  bozv  to  make  proper  Allow^ 

ances  for  them. 

I.  riURkEHTS  are  certain  Settings  of  the 
^  Stream^  by  which  all  Bodies  (as  Ship§,  t^c.) 
inbving  therein,  are  compelled  to  alter  their  Gourfe 
or  Velocity^  or  both ;  and  fubmic  to  the  Motion  im- 
preiied  upon  them  by  the  Current. 

C  A  S  E     I. 

■  • 

If  the  Current  fets  juft:  with  the  Courfe  of  the  Ship, 
.  {i,  e.)  moves  on  the  fame  Rumb  with  it-,  then  the 
Mptiot)  of  the  Ship  is  increafed,  by  as  much  as  is  the 
pri^t  Or  Velocity  6f  the  Current, 

« 

Example. 

Suppofe  a  Ship  fails  S  E  ^  S  at  the  Rate  of  6  Miles 
an  Hour,  in  a  Current  that  fets  S  E  ^  S  2  Miles  an 
Hour ;  required  her  true  Race  of  failing. 
■'  'Here  it  is  ^videfit'tbat  the  Ship^s  true  Rate  of  fail- 
mg'.WU  fcl?'8  Milrt  W  Hour, 

C  A  S  E 


90  <¥^ 


,},,  CASE    a. 


y  -      -  -  -       ^       4  - 


If  t!ir  Otr^  fm  SmSiy^QgaA  the  Safm 
itftn  ^  Mrao0  of  die  Siup  if  IrficDed  br  i 

hdfp^  aSKlpiaili  S  S  W  at  the  Rare  of  ic  Mfla 
tn  HrrJff  10  a  Currenf  that  (ets  N  N  £  6  Miles  an 
MMr  ^  ftqutftd  (he  Ship's  true  Rate  <^  (ailing. 

I  If  rc  it  i<  ev:^«:nt  that  the  Ship's  true  Rate -of  faiJr 
ing  will  bf  4  Milrs  an  Hour.     Hence  it  is  pUin, 

Cor.  I.  If  the  Velocity  of  the  Current  be  kfs  thaa 
the  Velocity  of  the  Ship,  then  the  Ship  will  get  fo 
l|1U£h  %  Head  a»  5?,  the  Diflfercnce  of  thelb  Velocities. 

Cor.  t'  If  the  Velocity  of  the  Current  be  greater 
dian  that  0^  the  Ship,  then  the  Ship  will  fall  fo  much 
a  Stern  a*  h  the  iJirfcrcncc  of  thefe  Velocities.  ' 

Cor.  'f  /-^y^^'i  if  the  Velocity  of  the  Current  be 
rqtJJil  to  that  of  the  Ship,  then  the  Ship  will  ftand 
ftiU  \  tlic  one  Velocity  dcilroying  the  other. 

C  A  S  E    3, 

>  • 

.  trUiC  Current  thwarts  the  Courfe  of  the  Ship,  then 
if  huf.only  IcfTcn.sor  augments  her  Velocity,  but  gives 
Krr  11  new  Dlrcdion  compounded  of  the  Courfft  ftie* 
Hern,  and  the  Setting  of  the  Current y  as  is  manifeft 
lion)  ihc  following 


Lemmd^ 


):^ 


M  a  Body  at  A  be  impelled  by  two  Forces  at 
the  fame  Time,  the  one  in  the  Dlitdion^BicaA 


•able  10  carry  that  Body  from  A  to  B  in  a  certain 

Space  of  Time,  and  the  other  irt- 

(hc  Direiftion  AD  capable  ro  carry 

i^  from  A  to  D  in  the  fame  Time : 

Complete  the  Parallelogram  A  B 

CD,  and  draw  the  Diagonal  ACj  ,  j     i; 

then  the  Body  at  A  agitated  by 

thefe  two  Forces  together,    will 

move  along  the  Line  A  C,    and 

will  be  in  the  Point  C  at  the  End 

of  ihe  Time  in  which  It  would  have  moved  along 

A  D  or  A  B  with  the  Forces  feparately  applied. 

Hence  the  Solution  of  the  following  Examples  will' 
be  evident. 

■    .r  ExamfU  i. 

Suppofc  a  Ship  fails  (by  the  Compafs)  dircftljjL 
South  96  Miles  in  24  Hours,  in  a  Current  that  ftia 
Eaft  45  Miles  in  the  lame  Time ;  required  the  Ship'^ 
true  Courfe  and  Diftance.  , 

I'-f'.-   'i  Geometrically. 

Draw  A  D  (fee  the  laft  Scheme)  to  reprefent  the 
South  and  North  Line  of  the  Ship  at  A,  which  make 
equal  to  96  i  from  D  draw  D  C  perpendicular  to  A  D 
equal  to  45,  and  join  A  C.  Then  C  will  be  the  Ship's 
true  Place,  A  C  her  true  Diftance,  and  the  Angle 
I        p^p  the  true  Courfe.     To  find  which 


■  Sy  Calculation, 

Firftt  For  the  true  Courfe  D  A  C,  it  will  be,  by 

Cafe  4.  of  ReSletngular  Trigonometry^ 


As  the  apparent  Diftance  A  D 
"  E  puricnt's  Motion  D  C 


96 
45 


i.982!»7 
1.65321 


joq  CMnrent  Sailings 

fois  Radius  .-  -.  -  -.  -  .-  -  -»  lappcpo 
fo  the  Tangent  of  the  true  7  '  ^^  "^  .  ]  '^  ^rL^  * 
;.CourfeDAife  .  -  \  ^S^^f  r  .9^^ 
cQnTequeritly  At  Ship's  true  CoutTe  is  S  25%'  oy^jft 
orSSE2V§7{Eaacrly.  ..";■      f 

Then /tor  thfc  true  Diftancc  AC,  it  will  be,  by 

C^e  i.-^f  Re^awgular  Trigonometry^ 

Ai  the  Sine  of  the  Courfe  A     25%  0/    -    9.62784 
ij t6  the  Djepariijre  D  C     -    -    45     -     -     1.65321 
fo  is  Radius     ---------    10.00000 

to  the  true  Diftance  A  C    -    •  106    -    -   2.02537 

Exampk    2. 

Suppofe  a  Ship  fails  S  £  1 20  Miles  in  20  Hours, 
in  a  Current  that  fets  W  ^  N  at  the  Rate  of  2  Miles 
an  Hour^  required  the  Ship's-  true  Courfe  wd  Dif* 
tance  &ikd  in  chat  Time, 


Geometricalfy. 

Having  drawn  the  Compais  NES W,  let  C  repre- 
fcnt  the  Place  the  Ship  failed  from  j  draw  the  South 


Eail  Line  C  A,  which  make  equal  to  120  j  then  wijl 
.  A  be  the  Placethe  Ship  capcdi  at/ 


From 


;T«>m  A  draw  A  B  parallel  to  the  Wi  N  I^ine  CD^ 
equal  to  49,  the  Motion  of  tlie  Current  in  20  Hours, 
and  join  C  B  -y  thep  B'willbe  th<  Ship's  true  Place  ae 
the  End  of  20  Hours,-  C  BTier  true  Diftance,  and  the 
Angles  C  B  iitrtroe  Courfe.*    To  find  which 

Bj  CalcuJativn. 

In  the  Triangle  ABC,  are  given  C  A  120,  ATI 
40,  aod  the  Angle  C  A  B  equal  to  33°,  45',  the  Dif- 
tance  between  the  E  ^  S  and  S  E  Lines>  to  find  the 
Angles  B  and  C,  and  the  Side  C  B. 

Firjl^  For  the  Angles  C  and  B  it  will  be,  bjr  Cafe 
4.  of  ObliqueTrigonometryj 

As  the  Sum^f  thc-SiSes  C  A  and  A  B    160  2.20412 
•  is  to  their  BHffcfeBce      -    -     -    -    •     80  1.90309 
lb  is  t*i€  Tang.  *^f  half  the7      ^^o   ^^^     ,^      La 
Sum  ofthe  Angles  Band  CJ    ^73.  .07     lo.si;?^ 

to  the  Tang,  of  half  their  Diff.  58°,  45'  10.21680 
confequcntly  the  Angle  B  will  be  131°,  52^,  and  the 
Angle  ACB  14%  23'.  Hence  the  true  Courfc  is 
e  5^%  3/  E>  or  S  STE  2%  07'  Eafterljr. 

Then  for  the  true  -Diftance  CB  it  will  be,  by 
■Cafe  2.  of  Oblique  Trigonometry y 
As  tlie Sine  of  B  -  -  igi''*  52'  -  9.37198 
is  to  AC  -  -  -  --  120  -  *  -  2.079 178 
fo  is  the  Sine  of  A  -  -  33°,  45'  -  -  9.74474 
to  the  true  Diftancc * C  B   "89.53     -       -     '-95194 

'Ekmfk    3. 

Suppofe  a  Ship^cpmiqg  out  from  Sea  in  die  Night, 

■  has  Sight  of  SciUy  Inght,  bearing  N  E-  ^  N  Diftance 

4  Leagues,  it  btiDg  then  Flood  Tide  fetting  E;N  E 

2  Miles  an  Hour,  and  the  Ship  running  after  tie 

&ate  of  5  Miles  an  Hour^    required   upon.  'WJiTat 

Courfe 


^  Current  SaiUng- 

t^ourfe  and  how  far  ihe  miifl  fail  to  hit  the  Laiarii 

which  bears  from  Scil^  E  ^  S  Diftance  i7Leag;ow._; 

f>v\\n?  ^^'''^c   \0eifmttm9lfy.  '^ 

^*Hai^g  ariwii  the  Compafs  N  E  3  W,  lee  41  re^ 
torcfent  the  Ship's  Place  at  Sea,  and  draw  the  N  E  i  jj 
Line  A  S,  which  make  equal  to  12  Miles,  fo  S  wDl 
jcprefeat  Scilly. 

"From  S  draw  SL  equal  to  51  Miles,  and  parallel 
to  llje  E  4  S  Line  ;  then  L  will  reprefent  the  Lizards 


■3!3itA.?:!lVt^ — — 


From  L  draw  L  C  parallel  to  the  E  MeH__ 
fqml  to  2  Miles,  and  from  C  draw  C  D  equd'to'  | 
Mrles  meeting  AL  in  D  i  then  from  A  draw  AB 
parallel  to  C  D  meeting  LC  produced  in  Bj  ixftt 
A'B  will  be-  the  required  Diftance,  «ld  SAB  tbd 
6'ue  GouF&,    To  find  which       ■    -    •  -  .  ij.O- 

i""-'   -  ■        -  ■         ;■    --C.--    -■-' 

\ .  By  CaUuUtiott,  ■'  ■' --^ 

\'.  to  tJjtTriangle  ASL  are  given  the  Side  ASz^etjOal 
to  tiMiIes,  the  Side  SLcquaIto5i,  and  the  Ao^ 
ASL  equal  to  1 18°,  07',  the  Diftance  bctwcert  tlu^ 
N  EiN  and  W  ^N  Lines,  to  find  the  Angles  SA^. 
iVtd  SLA.  Confequemly,  by  C«/»  4.  ^  Ok^fa^ 
irigmiemetry^  it  will  Ik,  .-_      ^- 


Qaryent  ■  Sajli?:^.  9^" 

As  the  SiJftvof  the  SidM  AS  and  S  L  ^  t  j  -  i.^9^?4 
is  t6  tbelrD/ffirehce  -  -  -  -  -  —-^'^^  i.§^-io6 
fo  is  the  Tang,  of  half  clie  Sum  7        o      i'  /r 

ofrheAnglesSALaftdSLAj  30  156  9'777H 
to  the  Tang,  of  half  their  DifT.  -  20°,  21'  9.56935 
-"mftqutncly  the  Angle  SAL  wiUlie  51"^  17',  antl 
"the  dircft  Beiring  of  the  Lizard  from  the  Ship, 
nibeN  85%o2'Eaft,  orEiN  6°,  17' E.  and  for 
ihp  Diftance  A  X^,  ic  will  be,  by  Cafe  2.  of  Oili^ta 
Trisonsfffetrj, 

^  iTie  Sine  of  S  A  L  -^  -  51°,  tf  -  9.89325 
■iitoSL-  -  -  --51---  1.70757 
fo  is  the  Sine  of  A  SL     -     118°,  07'     -      9.9454^ 

«0AL 57.65     -     -     1.76080 

tbe  Diltance  between  the  Ship  and  the  Lizard. 

'-  Again,  iivrhe  Triangle  DLC,  are  given  the  Angle 
L  equal  10  17°,  32',  the  Diftance  between  the  ENE 
and  N  85%  02'  E  Line's,  the  Side  LC  equal  to  2 
Miles,  the  Current's  Drift  in  an  Hour,  asd  the  Side 
C  D  equal  to  5  Miles  the  Ship's  Run  in  the  fame 
.Time.  Hence  for  the  Angle  D,  it  will  be,  by  Cefi 
I.  pfObit^ue  Trigmwmetry^ 

As  the  Ship's  Run  in  i  Hour  D  C  .  5  -  0,69897 
K(  to  the  SineotL  -  -  -  -  17",  32'  9.47894 
fo  is  the  Current  Drift  L  C  -  -  2  -  0.30103 
toiKeSineofp  -----  6%  55'  9.08100 
conlcquenriy  fince  by  Conftru<3:ion  the  Angle  LAB 
is  equal  to  the  Angle  L DC,  the  Courfe  the  Ship 
muftfteer  is  S  88°,  03'  E, 

MThenfortheDiftanccABitwillbc,  {tyOtfe  z.  of 
O^que  Ti-'.gonometry-t 


As  Hie  Sine  of  B    - 

-    'SS",  33' 

-    -    9-61689 

-    57-63 

-     1.76080 
-    -    947S94 

teAB   ■    -    -    • 

-    -    41.9S 

-     -     1.6228^ 

eA" 

ceojtquenElf 

^4  Cktrem  SmS^g. 

coofeqcently  fince  the  Ship  is  fasling  at  Ae 

5  Miles  an  Hocr,  it  follows;  that  in  iaziing  S>,  s^T 

S  2$jj%  cy  £^  ihe  will  arrive  at  the  Uaemrii 

Exampk  4. 

A  Sh!p  from  a  certain  -Headland  in  the  Latitude 
cf  34**,  CO'  North,  fails  S  E  *  S  12  Miie?  in  three 
Hours,  in  a  Current  chat  fets  berween  North  and 
Eafl:,  and  then  the  fame  Headland  is  found  to  bear 
W  N  W,  and  the  Ship  to  be  in  the  Laticude  (rf  3^% 
52'  North ;  required  the  Setting  ar*d  Drift  of  the 
Current. 

Geometricalhf. 

Having  drawn  the  CompafsNESW,  let  Arcpre* 
fent  the  Place  of  the  Ship,  and  dra^/  theS£^SL.iv 

A  B  equal  to  1 2  M}les;  alTo  the 
E  S  E  Line  A  C. 

Set  off  from  A^upon  tbcMe- 
ridian  A  D,  equal  to  8  Miles, 
the  Difference  of  Lautude^^ryi 
thro'  D  c}raw  D  C  parallel  tt> 
.  the  Fjift  ^nd  Weft  Line  W  & 
jTiCeting  A  C  in  C.  Join  C.aq^ 
B  with  the  right  Line  BC!; 
then  C  will  be  the  Ship's  IMace,  the  Angle  ABC  ^^ 
•Setting  of  the  Current  frann  the  S  E  ^  S  Line,  and  tbf 
Line  B  C  will  be  the  Drift  pf  the  Current  in  3  Hours. 
1  o  find  which 

By  Calculation. 

In  the  Triingle  ADC,  right-angled  at  D,  arc 
given  tiic  Difference  of  Latitude  AD  equal  to  8  Miles, 
-the  Angle  D  A  C  equal  to  67%   30'.     Whence  for 
A  C  the  Diftance  the  Ship  has  failed,  it  will  be, 

As 


8  lUdii)!    •...-..--     1 0.00000 

ia  CO  the  Diff*.  of  Laxitude  A  P    -     8     -    0.90309 

ip  is  the  Secant  of  the  Courfe 7    ^^o    «^/    ,^    ,^,r 
^£)^C \     7%  30    10.41716 

tb  the  pifbnce  f uh  A  C    -    -     20.9     ^     1.32025 

Ajgain,  iri  the  Triangle  ABG,  are  given  AB  eqdal 
to  12  Miles,  AC  equal  to  20.9,  and  the  Angle  B  AC 
equal  to.  33^,  45',  the  Diftance  between  the  SEA  S 
and  £  S  £  Lines :  Whence  for  the  Angle  at  B  ic 
will  bci 

As  the  Sam  of  the  Sides  AC  and  AB   32.9  1.51720 

is  to  their  Difference     -----     8.9  0.94939 

fo  is  the  Tangent  of  Half  the!  ■    ^    ^^/       *^      o  ^ 

Sum  of  the  Angles  B  and  cj  73%  07    -  10.51 8o5 

to  Tang,  of  1  their  DifF.      -    41°,  43' 4^  -  995025 

'.  confequehtly  the  Angle  B  is  114'',  51',  afid  fo  the 
fetting  of  the  Current  will  be  N  Si*'^  6&  E,  or 
E*N  2%  21'  E.  Then  for  BC  tlie  Current'^ 
Drift  in  3  Hpurs  it  will  be, 

As  the  Sine  of  B  -    -     in*",  51'  -  -  9-957^0 

is  to  the  Difbnce  ruii  A C  20.9    -  -  -  1.32025 

fo  i§  the  Sine  of  A      -      33°,  45'  -  -  9.74474 

toBC.   .-.     .    :    -     12.8    -  -  -  1.10719 

the  Current's  Drift  in  3  Hours,  and  confequently  the 
Current  fets  E ^ N  2%  21'  £  4.266  Miles  ah  Hour. 


SECT. 


SEC  T.  xm. 


Concerning  tie  y^riition  0/ /ie  Compafs,   avdigfa^ 
find  it  from  the  true  and  eit/o't'^t/ Amplitudes,    «r__ 
Azimuths  ef  ihe  Sun.  '  ^^^ 

i.'TpHE  Variation  of  the  Compais  is,  how  far  the     ^ 

■*■  North  or  South  Point  of  the  Needle  ftand* 
from  the  true  South  or  North  Point  of  the  Horizon, 
towards  the  Eaft  or  Weft;  or  'cis  an  Arch  of  the 
Horizon,  intercepted  between  the  Meridian  of  Cho 
Place  of  Oblervation  and  the  magnetic  Meridian. 

2.  It  is  abfolutely  neceflary  to  know  the  Variatiom 
of  the  Compafs  at  Sea,  in  order  to  correft  the  Ship's 
Courfe }  for  fince  the  Ship's  Courle  is  direded  by  the 
Cpnipafs,  'tis  evident  that  if  the  Compafs  be  wrong, 
the  true  Courfe  will  differ  from  the  obferved,  anc^ 
conftquently  the  whole  Reciconing  differ  fronj  thq 
Truth. 

,  3.  The  Sun's  true  Amplitude  is  an  Arch  of  the  Ho-^ 
tizoa  comprehended  between  the  true  Eaft  or  Welt 
foint  thereof,  and  the  Center  of  the  Sun  at  RiGng  aw^ 
Setting-,  or  it  is  the  Number  of  Degrees,  ££?f,  ih^ 
the  Center  of  the  Sun  is  diftant  from  the  true,  EaJL 
or  Weft  Point  of  the  Horizon,  towards  the  South  oi 
5Jorth.  ! 

4.  The  Sun's  magnetic  Amplitude  is  the  Nuipber.ctf 
Degrees  that  the  Center  of  the  Sun  is  from  thc.Eau 
or  Weft  Point  of  the  Compafs,  towards  the  South  ( 
North  Point  of  the  fame  at  Rifine-  or  Setting,  .  , 

5.  Having  the  Declination  of^tlte  Sun,  logeth^if 
with  the  Latitude  of  the  Place  of  Obfervajion,  wc 
may  from  thence  find  the  Sun's  true  Amplitude,  by 
the  following  aftronomical  Propofition,  v/s. 
As  the  Co-fim  of  the  Latitude 
ii  to  the  Radius, 


Jfo  is  the  Sine  of  the  Sun's  Declination 
to  the  Sine  of  the  Shh*s  true  Amplitude ; 

which  will  be  North  or  South,  according .  as  the  Dc* 
dinatiQil  ii  Nctfth  6r  ^outh; 

Example. 

Required  the  Siiri's  true  Amplittidii  in  thcl  Latitude 
of  51°,  50'  North,  on  the  4th  Day  of  May ^  1771. 

■ 

Firfi:,  I  find  from  the  third  Table  at  the  End  of  this 
iBook,  that  the  Sun*s  Declination  the  4th  of  Mfffl 
1 771,.  is  15*",  56'  North  •,  then  for  the  true  Ampli- 
tude it  will  bej  by  the  former  Analogy, 

As  the  Go-fine  of  the  Lat.    41*^,50/"     ^    9.S7221, 

is  to  Radius -*     lo.ooocjp 

fo  is  the  Sine  of  the  Decl.  15^,*  56'  -  9.43857 
to  the  Sine  of  the  AmpHt.  ii  **,  37'  -  9-5^6^6 
which  is  North,  becaxjfe  the  Declination  is  North  at 
that  Time;  dnd  confequehrly  in  the  'Latitude  of 
41'','  5<^  North,  the  Sun  rifes  on  the  4th  of  Ma^^ 
1771,  %i''^  37'»  from  the  Eafl:  Part  of  thcf  Horizon 
towards  the  Norths  and  fets  fo  much  from  the  Weft 
the  Tame  Way* 

6.  The  Sun's  true  Azimuth  is  the  Arch  of  the  Ho- 
rtzort,  intercepted  between  the  Meridian  and  the  ver- 
tical Cirtfe  paflin^  through  the  Center  of  the  Sun  ac 
thfe  Time  of  OMervation, 

7.  The  Sun's  magnetic  Azimuth  is  the  Arch  of  the 
Horizon  intercepted  between  the  magnetic  Mcridiaa 
and  the  vertical,  pafling  through  the  Sun. 

8.  Having  the  Latitude  of  the  Place  of  Obferva- 
tion,  together  with  the  Sun's  Declination  and  Alti- 
tude at  the  Time  of  Obfervation,  we  may  find  his 
true  Azimuth  after  the  following  Manner,  tnz: 

X  2  Make 


Make  it, 

Ai  the  Tmgmt  0/  li4f  fbe  Cmple^ent  cf  the  JLaM 
is  to  the  Tangent  of  Half  the  Sum  of  the^ViJuiuf  ^fH 

Sua  from  the  Pole  and  Complement  of  the  Altitaat;, 
fo  ti  the  Tangent  of  Half  the  Bt^erence  between  theDif 

lance  of  the  Sun  from  the  Pole  and  Complement  6f  li^t 

Altitude 
to  the  Tangent  of  a  fourth  Arch  ; 

Which  fourth  Arch  added  to  half  the  Complemenl, 
of  the  Latitude,  will  give  a  fifth  Arch;  and  this  fiffiS 
Arch  lefiened  by  the  Complement  of  the  Latitude 
will  give  a  Cxih  Arch.     Then  make  it, 

As  ike  Radius 

is  to  the  Tangent  of  the  Altitude, 
fo  is  the  Tangent  of  ihejxtb  Arch 
to  the  Co /me  of  the  Sun's  Azimutb  j 

which  is  to  be  counted  from  the  South  or  Kor'dfl, 
the  Eaft  or  Weft,  according  as  the  Sun  b  fituafi! 
^kh  refpcft  to  the  Place, of  Obfervation. 

"If  the  Latitude  of  the  Place  and  Declination  of  tjie  . 
Stmbcboih  North  or  both  South,  then  the  Declina- 
tion tal'xn  from  90'  will  give  the  Sun's  Diftance  from 
'the  Pole-,  but  il  the  Liiticude  and  Declination  be  on 
contrarjr.  Sides  of  the  Equator,  then  the  Declination 
aided  to  90°  will  give  the  Sun's  Diftance  from  the 
Dtareft  Pole  to  the  Place  of  Obfervation. 


Example. 


r.Ai 


In  ih;  Latitude  of  51°,  ga'North,  thcSuii  havjhg  ' 
ijj°,  39'  North  Dec!,  his  Akirudc  was  found  by  Ob- 
CTVat!on  10  be  ^8°,  i  !>' ;  required  the  Ajimiuh, 


H^maof  tie'to^fhp.  \o^ 


By  the  firft  of  the  foregoing  Analogies  it  wifl  bci 
A>  theTangent  of  itheCom-7      .        ;  ^ 

plementofthe[.atitu,^c    -  f*9  •   '4    •  9-54269 


plcment  of  the  Latitude    - 

to  rhe  Tangent  of  j'thc  Sfiiir 
'     of  the  Diftance  dT' theSunf  ^.    "         '■  . 

from  the  Pole  and  Comple-r'  '  °^     ^^-^S^SS 

mcntof  the  Altitude"  -'-J 
fo  is  the  Tanp-cnc  of  half.tlieir? 

Difference^ \  9  ^  '9      9-21499 

to  the  Tang,  of  a  4th  Arch    -    40  ,  20      9.^2885 

wIiicFi-fourth  Arch  40°,  20',  added  to  I9'*,'i4',  half 
tlid  Complement  of  the  Latitude,  gives' a  fifth  Arch 
59",  34';  and  this  fifth' ArCh  leflened  by-jS",.  28', 
the  Complement  oif  the  Latitude,  giVes  the  fixth 
Arch  21°,  06':  Then  for  the  Azimuth  it  will  bo, 
by  the  feeond  of  the  preceding  AnalogieV'       ^    • 

As  Radius  -  -  -  ■,  '  ■i'  -  -  -  -  10.00000 
is  to  the  Tang,  of  the  Altitude  38°,  18'  9.89749 
fo  is  theTang.  of  the  fixth.Arch  21  ,  06  9.58644 
to  the  Co-fine  of  the  Azitnuth     72  ,15      9.48393 

which,  becaufe  the  Latitude  is  North,  and  the  Sun 
South  of  the  Place  of  Obfcrvation,  muft  be  counted 
from  the  South  towards  the  Eatt  or  Weft  s  and  con- 
fequently  if  the  Altitude  of  the  Sun  was  taken  in  the 
Morning,  the  Azimuth  will  be  S  72%  15*  E,  or' 
ESE  4°,  45' E;  but  if  the  Altitude  was  taken  ii) 
the  Afternoon,  the  Azimuth  will  be  872°,  15'  W, 
■  or  "WSW  40°,  45' Wefterly. 

9.  Having  found  the  Sun's  true  Amplitude,   or 

Azimuth,    by    the    precedihg    Analogies,    and    his 

.,  niagnclic  Amplitude,  or  Aziaiuth,  by  Obfcrvation,- 


of  the  fame  Name,  /.  f.  cither  both  North,  or  both 
South,  their  Difference  is  the  Variation :  But  if  they 
be  of  difFcient  Names,  i-e.  one  North  and  the  oihei 
Sputh,  their  Sum  is  the  Variation.  Again,  if  t 
true  and  obfervcd  Azimuths  be  both  of  the  famflj 
Name,  i.  e.  either  both  Eaft  or  both  Weft,  their  Diff 
ference  is  the  Varialrot;  but  if  they  be  of  differcntj 
Natncs,  their  Sum  is  the  Varlaijon:  And  to  kno»| 
whether  the  Variation  Is  Eajferly  or  fVeJicrlj,  obfetvej" 
this  general  Rule,  viz. 

Let  the  Obferver's  Fa.cc  be  turned  to  the  Sun,  thea 
if  the  true  Amplitude  or  Azimuth  be  to  the  Right- 
hand  of  the  Obferved,  the  Variation  is  Eafterly  i  but! 
if  to  the  left,  Wefterly. 

To  explain  which,  let  N  E  S  W  reprefent  a  Com-- 
pafs,  and  fuppofe  the  Sun  is  really  E  ^  S  at  the  Time 
of  Obfervation,   but  the  Obferver  fees  him  off  tht. 


Eaft  Pointof  the  Compafs,  and  fo  the  true  Amplitude 
or  Azimuth  of  the  Sun,  is  to  the  right  of  the  Magnetic, 
orObfcrvcd;  here 'tis  evident,  that  the  E^S  Point 


Variciioh  ef  ths  Cempafs. 
c£  the  Compafs  ought  to  lie  where  the  Eaft  Point  ism 
and  fo  the  North  where  the  N*W  Is;  confcquentj^ 
the  North  Point  of  the  Compafs  is  a  Point  too  far ; 
Eaft,  ('.  e.  the  Variation  in  this  Cafe  is  liafterly. 
The  fame  will  hoid  when  the  Amplitude  or  Azimuth 
is  taken  on  the  Weft  Side  of  the  iVlcridian. 

Again,  lee  the  true  Amplitude  or  Azimuth  be  to 
the  Left-hand  of  the  Obfcrved:  Thus  fuppofe  the  Sun 
is  really  E^N  at  the  Time  of  Obfervation,  but  the 
Obfcrver  fees  him  off  the  Eaft  Point  of  the  Compafs, 
and  fo  the  true  Amplitude  or  Azimuth  to  the  Left 
of  the  Obferved.  Here  it  is  evident,  that  the  E^N 
Point  of  the  Compafs  ought  to  ftand  where  the  Eaft 
Point  is,  and  fo  the  North  where  the  N  ^  E  Point  is  i 
confequently  the  North  Point  of  the  Compafs  lies 
a  Point  too  far  Wefterly,  fo  in  this  Cafe  the  Varia- 
tion is  Weft.     The  fame  will  hold  when  the  Sun  is 

fcrved  on  ihe  Weft  Side  of  the  Meridian. 


■Exan^e  I. 


m 

^^B  Suppofe  the  Sun's  true  Amplitude  at  Rifing  is 
^^wund  to  be  E  14°,  20'  N»  but  by  the  Compaft  it 

is  found  CO  be  E  26°,  12';  required  the  Variation, 

and  which  Way  it  is. 

Since  they  are  both  the  fame  Way,  therefore 
From  the  magnetic  Amplitude     -     E  26',  it'  N.i 
take  the  true  Amplitude     -     -     -     E  14.  ,  20  N. 


and  there  remains  the  Variation 


,  52    E. 


which  is  Eafterly,  becaufe  in  this  Cafe  the  true  Am- 
plitude is  to  the  Right  of  the  Obferved. 


X4 


ExampU, 


.'W  >r  ,*lt"  W  '-     .  .-Mar 

.K    fi   .  »'   Vf      Example  z.  •      '' 

■'^uppofe^he  Sun's  true  Amplitude  at  Setting  ii  W^ 
34%  z6'  S,  and  his  magnetic  Amplitude  W  23°,  13' 
Si  required  the  Variation,  and  which  Way  it  is^    "7 

Since  they  lie  both  the  fame  Way,  therefore 
From  the  Sun's  true  Amplitude  -     W  34',  26'    S. 
take  the  magnetic  Amplitude     -      W  23  ,  13     S. 

— p 

there  remains  the  Variation      -     -     -     11  ,  13"^, 

which  is  Wefterly,  becaitfe  the  true  Amplitude,  irt 
this  Cal'e,  is  to  the  Left-hand  of  the  Obferved. 


I 


Exampk 


i 


i/fpapjpefc  the  Sun's  true  Altitude  at  Riling  is  fbunA 
to  be  E  13%  24'  N,  and  his  Magnetic  E  i2°»  jz'^Sj 
required  the  Variation,  and  which  Way  it  lies. 


Since  the  true  and  obferved  Amplitudes  lie  dif; 
f«fent.Wflys^- therefore  -1,  m,  ,.-,.. 

lie xh&iAmplitude    -----    E  ii'^,-'i^\ 
add  the  magnetic  Ainplicude    -     -     E   12  ,  32 


i 


t^c  Sunvis  the  Variation 


-    25  >  56W. 


which  is  NVefterly,  becaul'e  the  true  Amplitude  ii 
inthis  Cafe,  to  the  Left  of  the  Oblcrved.    t  \i?.  31 


k-4^ 


).'  ?,  <birti 

Suppofe  theSun'strue  Amplitude  at  Setting  is  fijui 
aate  W  Sd",  24'  N,  but  his  magnetic  Ampliuide  ia 


in^^B 


■W- 10*, 


'3 


Si 


requii 


red  the  Vanation. 


To  the  true  Amplitude    ^    -    .    W     8*,  '24''  N, 
add  the  magnetic    r    -  •'.n-)^.''i-    W  10  ,  13    S, 

^hiclj;is,%%rjy,.,l^qai4fe U^ trop/AoppljOid^.jf  to 
the  Right  of  the  Obfcrved. 

* 

r.       .,,...       -E^-'wA.  5-:...,,-.  ...  „    ,..,..:? 

-  ♦  •  ■  •  '  ■■ 

t      . 

Suf^fe  the '^uri*s  true  Azimuth  at  the  Tiinc  Irf 
QUferysrion,  is  found  to  be  N  86,'',  40'  E,  but  by 
die  Cprnp^fs  it  is  N  y^'*^  i4'Ei  required  tKeVa-^ 
riation,,  md  which  Way  it  l|cs..;  .      .  ,,, 


♦'.      N 


l^romtlieiSun'struc  Azimiitli"''    -      N  86^/40'  EJ 
take  the  magnetic    -    r    -     -     -    N  73  ,  24  E. 

there  remains  the  Variation    --    -      i3,f6E. 

iffhasb  is  ^aSefly^  becauib  the  true  A?:imvrtb  is.  f 0  the 
Kigh^  of  of  :the:Obfervcd.  - 


V     • 


Example    6. 

Suppofe  the  Sun's  true  Azimuth  is  S  3*,  2^4*  Ei 
and  theMagnetical  S  4"",  36'  W  j  required  the  Vari- 
ation, and  which  Way  it  lies. 

1*6  the  true  Azimuth      ....    S  3**,  36' El 

add  the  magnetic  Azimuth    -    -     -    84^36  W^ 

•      •*•-■■  ■  '■  ' 

the  Sum  is  the  Variation    -    -      -    -    8-  ,  00'  W. 

which  is  Weftcrly,  bccaufe  the  true  Azimuth  is,  in 
this  C^fe,  to  the  Left  of  the  Obferved. 

•i  ;to,r.i^ilie  Variation   of  the.  Compafs   was   firft 
obferved  at  Londonj  in  the  Year  1580,  to  be  ti% 

IS' 


^ 


'J  The  Methsd  cf  KetpthgiaidCoire^ft^  ^^^^ 
i^Eafterly,  and  in  the  Ytar  1622  it  was &'',  tf"  E^ 
jjfo  in  theYeir  1634,  it  was  4°,  05'  E,  IHl)  de- 
creafing,  and  the  Needle  approaching  the  true  Meri- 
dian, 'till  it  coincided  with  it,  and  then  there  w«  no' 
Variation ;  after  which,  the  Variation  began  to  be 
■Wcftcrly,  and  in  the  Year  1672,  it  was  oblervcdtii 
be  2°,  30'  W,  aifo  in  the  Year  16S3,  ic  was  4%  ^6* 
W,  and  fince  that  Time  the  Variation  ftiJl  continues^ 
at  London  to  increafe  Wcftcrley  ;  but  how  far  it  witf 
go  that  Way,  Time  and  Obfervations  will  probably 
be  the  only  Means  to  difcover. 

Again,  at  Paris,  in  the  Year  1640,  the  Variatten' 
was  3°,  06' E,  and  in  the  Year  1666,  there  was  rid' 
Variation;  but  in  the  Yean  681,  it  was  2",  30'  W^ 
and  ftill  continues  to  go  Wefterly. 
-  in  fliort,  from  Obfervations  made  in  different  Pait^ 
of  the  World,  it  appears,  that  in  different  Places  thtf 
Variation  differs  both  as  to  it's  Quantity  and  Deno- 
mination, it  being  Eaft  in  one  Place,  and  Weft  in 
ikdther  -,  the  true  Caul'e  and  Theory  of  Which,  ft# 
Want  of  a  fufficient  Number  of  Obfervations,  haS  i) 
as  yet  been  fully  explained. 


■■,t  V  -■'■1 


I  S'  E  C  T.     XIV. 


Tie  Method  of  Keeping  a  Jcamal  at  SeUy  and  bow  tH-: 
corre^  it,  by  making  propr  Allowances  for  the  I-tCc- 
"way,  Variation,  fcfi:.  *  ^m 

I.   r  EE'fTJT  is  the  Angle  that  the  Rw^h| 

•^-^  Line  upon  which  the  Ship  endeavours  ,t0: 
fail,  makes  with  the  Rumb  Ihe  really  fails  yppo.' 
This  is  occafioned  by  the  Force  of  the  Wind,  or 
Surge  of  the  Sea,  when  Ihe  lies  to  the  windward, 
oYh  clofe  hauled,  which  caufcs  her  to  fall  off"  arid 


glide  Side-ways  from  the  Point  of  the  Compafs  flie 

capes  at.     Thus  kt  N  E  S  W  reprcfcnt  the  Compafs, 

and  fuppofe  a  Ship  at  ^ 

C  capes  at,  or  endea- 

youts  to  fail  upon>  the 

Kumb   Ca;    but    by 

the  Force  of  the  Wind, 

and  Surge  of  the  Sea,  ^.f 

ilie  i&  obliged  to  fall  "  i 

off,  and  make  herVVay 

good  upon  the  Rumb 

C  i;   then  the  Angle 

aC  h  'i&   the  Le^way^ 

and  if  that  Angle  be 

equal  to  one  Point,  the  Ship  is  faid  to  make  one  Point 

Lee-way,  and  if  equal  to  two  Points,  (he  Ship  is  faicj 

to  make  two  Points  Lee-ivay-,  Sec. 

\2.  The  Quantity  of  this  Angle  is  very  uncertain* 
bccaufe  fonie  Ships,  with  the  fame  Quantity  of  Sail, 
and  with  the  fame  Gaie,  wiil  make  more  Lte-wcrf 
than  others;  it  depending  much  upon  the  Mould 
and  Trim  of  the  Ship,  and  the  Quantity  of  Water 
that  fhe  draws.  The  common  Allowances  that  are 
generally  made  for  the  Lee-way,  arc  as  fcJIow  : 

1.  If  a  Ship  be  clofe-hauled,  has  all  her  Sails  fet, 
the  Water  fmooth,  and  a  moderate  Gale  of  Wind, 
ftie  is  then  fuppofcd  to  make  licsle  or  no  Lee-wny. 

2.  If  it  blows  fo  frefh  as  to  caufe  the  fmall  Sails  to 
be  handed,  'tis  ufual  to  allow  one  Point. 

3.  If  it  blows  fo  hard  that  the  Top-fails  muft  be 
ciofe  reefr,  then  the  common  Allowance  is  two  Points 
iorLee-vjay. 

.4.  Jf  the  Top-fail  mull  be  handed,  then  the  Ship 
i^  fuppofed  to  inake  between  two  and  three  Points,^ 

t£s-vicy. 

5.  When 


iiiipi 


iwance  is  about  four  Points  iax'.  l^ek-^a^. 

3-j  l6.  If  it  blows  fo  hard,  as  to  occl&on  the  I'C 
.Courfe  to  be  handed,  the  Allowance  is  bvtwecn  5'^ 
xnd  6  Points. 

■  7.  "When  both  Main  and  Fore-Courfes  rouft  1 
Landed,  then  6  or  6  -i  Po'ims  are  commonly  aUowe( 
iorLtt'Way. 

8.  When  the  Mizen  is  handed,  arid  the  Ship  {_ 
trying  a  Hull,  Ihe  is  then  commoply  allowed  ^bputj 
joints  for  Lee-toay, 


luch 


as  arc  gcnergW 


way  depends  much  upS^ 
'e    Mould    and  "Triig 

the  Ship,  'cis  c 
that  they  cannot  1 
Icrye  to  every  T-^\{] 
therefore  the'  bel 
is  to  find  it  by  ObJ 
vation  :     TIais,'  let 
Ship's  I'/ake   be    i?,t 
a  Ccmpafs  in  the'T'tf; 
and  the  oppolitc  Rk. 
is  the  true  Courfs  ni; 
good  by  the  Shipi 
the  nificrcrite  becw'eoj 
rhi=;     and     the   "Co'uri| 
given  by  the  'Cmn^aTs  \ 
^^Binack^  is  the  Lee-it'oy  required.     If  theSfeiDB 
^iiHin  Sight  of  Land  j  then  the  Lte-'xay  niayibc!, 
ifHy  found,  by  obferving  a  Point  on  the  Lvitl  "'* 
continues  to  bear  the  fam^■  Way,  and  thcDillafice 
Bwcn  the  Pointbf  thcCoinpals' itlieS'  iipoiii  ^rii  ' 
Point  the  Ship  capes  at, '  will  be  :ht  'jLw-a^."  '^'* 
fuppofe  a  Ship  at  C,  is  lying  up  N^Wtow&ri 


byK  in&ca^  of  keeping  thaf  Courf^,  ibe.  is  carried  oa 
tHe  N  N  ]fi  Line  C  B,  and .  cbrifcquenUy  the  Pointr  9 
continues  to  tear  tht  fame  Way  from  the  Ship :  Here 
^iis  cvndf  ntoilb^^te  jSUigjte  A  C  B^  or  t^^^  Diftance 
bctwegiKlbs  N  i  Wi  Lioft.  tbat  thc-$hip  capes  at,  anl 
the  N  N  E  Line,  thac  the  Ship  xeally  fails  upon,  wiH 
be  the  Lee-way* 


4.  .Having  the 'Courfe- fleeted,  and  the  jjee-idtgf 
given,  we  may  from  thence  find  the  true  Gourfc  by 
the  following  Method,  viz.  Let  your  Face  be  turtied 
direftly  to  the  Windward,  and  if  tTie  Ship  has  licr 
Larboard  Tacks  on  Board,-  count  th^  Lee-way  itav^ 
the  Courfe  fleered  towards  the  Right-hand  j  butilF 
the  Starboard  Tacks  be  on.Boacdj^thQn.covmt  it  frooi 
the  Cpurie  flteered  towards  thq  Left-nand*..^Xhi^ 
fuppdie  the  ^  Wind  at  North,  and  the  Ship  lies  up 
within  6  Points  of  the  Wind^  .with  her  LarboaM 
Tack's  on  Board,  rnaking  one  Pbiric  L^^-wiay  ;viierc 
'tispiaii?,  that  the  Courfe  fleered  is  E>I.E,  and  ijg 
true  'Courfe'  ]£  ^'N  ;  alfo  fuppofe  the  Wind  is  afc 
N.NyJ',  and  the  Ship  lies  up  within  6^  Points  of 
the  Wind  with  her  Starboard  Tacks  on  Board,  mak- 
ing j'4.  Point  l.ec  way ;  'tis  evident  that  the  true 
Courfe,  in  this  Cafe,  is  W  S  W. 

5.  We  have  (hewed,  in  the  lafl  Seftion,  how  to 
find  the  Variation  of  the  Comp§>fs -,  and  froni  what 
has  been  faid  there,. we  have  this  general  Rule  for 
Ending  the  Ship's  true  Courfe,  having  the  Courfe 
fleered  and  the  Variation  given,  viz.  Let  your  Face 
be  turned  towards  the  Point  of  the  pompafs  upon 
which  the  Ship  is  fteered  •,  and  if  the  Variation  be 
fiaflicrly,  count  the'  Quantity "  of  it  from  the  Co'urff 
fleered,  towards  the  Right-hand ;  but  if  Weflerly, 
towards  the  Left-hand  ;  and  the  Courfe  thus  found* 
is  th^.true.Courfe  fteered.  Thus,  fuppofe  the  Couffc 
fleered^  N  b  E^^and  the  Variation  one  Point  Ea.ftcjrly ; 

then 


N 


then  the  tme  Courfc  ftcered,  will  be  NN  E'i'AHtJ 
fuppofc  theCoorfc  ftecred  is  N  E^E,  and  tfie  V»f; 
rianoQ  one  Poinc  Wefterly  i  then  in'  this  Cztt,'- 
true  Courfe  will  be  N  E,  and  fo  of  others. 

Herice,  by  knowii^  the  Lee-way,  Variation,  ztA- 
Courfe  ftcered,  we  may  from  thence  find  the  Ship's 
true  Courfe  ;  but  if  there  be  a  Current  under  Foor^ 
then  that  muft  be  tried  and  proper  Allowances  made 
for  it,  as  has  been  (hewn  at  Se£i.  XII.  from  thence  to 
find  the  true  Courfe. 

6.  After  making  all  the  proper  Allowances  for 
finding  the  Ship's  true  Courfe,  and  making  as  joft 
an  Eftimate  of  the  Diftance  as  we  can  ;  yet  by  reafbn 
of  the  many  Accidents  that  attend  a  Ship  in  the  Day's 
running,  fuch  as  different  Rates  of  failing  between  the 
Times  of  heaving  the  Log,  the  Want  of  due  Care  al 
the  Helm,  by  not  keeping  her  fteady,  but  fuffering 
her  to  yaw  and  fall  off,  fuddcn  Storms  when  no  Ac^ 
count  can  be  kept,  yc.  the  Latitude,  by  Account^ 
frequently  differs  from  the  Latitude  by  Obfervation, 
and  when  that  happens,  'tis  evident  there  muft  be  Ibn'tc' 
Error  in  the  Reckonings  to  difcover  which  and  where 
it  lies,  and  alfo  how  to  correft  the  Reckoning,  yOt/ 
may  obferve  the  following  Rules. 

1.  If  the  Ship  fails  near  the  Meridian,  orwithin 
or  2  i  Points  thereof;  then  if  the  Latitude  by  Ac- 
count, difegrees  with  the  Latitude  by  Obfervation,  "ti ' 
moft  likely  that  the  Error  lies  in  the  Diftance  run  i  for 
it  is  plain  that  in  this  Cafe  it  will  require  a  very  lenG- 
blc  Error  in  the  Courfe,  to  make  any  confidcrable  Er- 
ror in  the  Difference  of  Latitude,  which  can't  well  hilp-:^ 
pen  if  due  Care  be  taken  at  the  Helm,  and  proper-- 
Allowances  be  made  for  the  Lec-way,  yaria:isn,  znA^ 
Currents.  Confcqucntly  if  the  Courfe  be  prrrtjr' 
near  the  Truth,  and  the  Error  in  the  Diftance  rurF^ 
regularly 


m 


■i}^ 


leiguUrly  thro*  the  whole,  wc  may  from  theLatkudc;- 
obwined  by  Obfervation,  corred:  the  Diftance  and- 
Beparture  by  Account,  by  the  following  Analogies, 


Ai  ihs  Difference  ef  Latitude  h  Account 

isto  the  true  Difference  ef  Latitude.,  .  *> 

fo-  is  the  Departure  by  Account 

to  the  true  Departure,  '■ 

andfo  is  the  direH  Difianee  ly  Account 

to  the  true  direSi  Diftance. 

The  Rcafon  of  this  is  plain  ;  for  let  AB  denote  the 
Meridian  of  the  Ship  at  A,  and  fuppofe  the  Ship  faiU" 
Upon  the  Rumb  A  E  near  the  Meridian,  » 
*titl  by  Account  (he  is  found  in  C,  and 
confequently  her  Difference  of  Latitude 
by  Account  is  ABi  but  by  Obferva- 
tion fhc  is  found  in  the  Parallel  E  D, 
and  fo  her  true  Difference  of  Latitude 
is  A  D,  her  true  Diftance  A  E,  and  her 
true  Departure  DE-,  then  fince  the  _ 
Triangles  ABC,  A  D  E  arc  fimilar,  B" 
it  will  be  AB :  A  D  : :  B  C  :  D  E  and  Dl- 
AB:AD::  AC:  AE, 


Example. 

Strppbfe  a  Ship  from  the  Latitude  of  45",  20*^' 
Nofth,  after  having  failed  upon  feveral  Courles  neaf  ■ 
the  Meridian  for  24  Hours,  her  Difference  of  Lati-  ■ 
lude  is  computed  to  be  upon  the  whole  95  Miles  ■ 
SoOiherty,and  her  Departure  34M!les  Eafterly;  but' 
by  Obfervation  fhe  is  found  to  be  in  Latitude  of  ■ 
4S%  10'  North,  and  confequently  her  true  Diflfe^'l 
rdnce  of  Lautude  is  130  Miles  Southerly;  then 
for  the  true  Departure  it  will  be.  As  the  Diffe- 
rence of  Latitude  by  Accoanc  95,    is  tfi  the  xmz 

ntS'.'j  "■  ^  Difterence 


^ 


i 


^ 


^e  Method  of  Keeping  and  CorreSiing  ^^^ 
Difference  of  Latitude  130,  lb  is  the  Departure  by 
Account  34,  to  the  true  Departure  46.52,  atwJ  fo  u 
the  Diftancc  by  Account  100.9,  ^^  ^^  ^^^^  DiftatK 

2.  If  the  Courfes  are  for  the  moil  part  near  tl 
Parallel  of  Eaft  and  Weft,  and  the  direa  Courfe  I 
within  5  y  or  6  Points  of  the  Meridian  j  then  if  tl 
Latitutlc  by  Account  differs  from  the  obferved  La^ 
titude,  it  is  moft  probable  that  the  Error  lies  in  the 
Courfe  or  Diftance,  or  perhaps  both  ;  for  in  this  Cafe 
*tis  evident,  the  Departure  by  Account  will  be  very 
nearly  true;  and  thence,  by  the  Help  of  this,  and 
the  true  Difference  of  Latitude,  may  the  true  Courfe 
and  dircft  Diftance  be  readily  found  by  Cafe  4.  ^ 
'Bime  Sailing.  m 

Example.  * 

Suppofe  a  Ship  from  the  Latitude  of  43°,  50' 
North,  after  having  failed  upon  feveral  Courfes  neat 
the  Parallel  of  Eaft  and  Weft,  for  the  Space  of  24 
Hours,  is  found  by  dead  Reckoning  to  be  in  the  La-, 
titude  of  42°,  45' NorcJi,  and  to  have  made  160 
Miles  of  Wefting ;  but  by  a  good  Obfervadon 
Ship  is  found  to  be  in  the  Latitude  of  42% 
North  i  required  the  true  Courfe  and  direft  Diftani 
failed. 

With  the  true  Difference  of  Latitude  75  Miles,  and 
Departure  1 60  Miles,  we  (hall  find  (by  Cafe  4,  ofPlexe 
Sailing)  the  true  Courfe  ro  be  S  64%  53'  W,  aad' 
the  direfl  Diftance  176.7  Miles. 

3.  If  the  Courfes  are  for  the  moft  part  dear  the 
middle  of  the  Quadrant,  and  the  direift  Courfe 
within  2  and  6  Points  of  rhe  Meridian  ;  then  the 
Error  may  be  either  in  the  Courfe,  or  in  the  Dif- 
tance, or  in  both,  which  will  caufe  an  Error 
both  in    the  Difference  of   Latitude    and   Depar- 


I 


160       , 


jfyot&natai  S^a.  ^jr 

tore,  tycTDrrei^t  which,  having  fpund  the  true  Diffe- 
rence of  Iiaticude  by  Obfervation>  with  this,  and 
tlie  dircft  Diftance  by  dead  Reckoning,  find  a  neni^ 
Departure  {by  Cafe  3.  ef  Plane  Sailing)  then  half  tW 
Slim  of  this  Departure,  and  chat  by  dead  Reckoning,! 
will  be  nearly  ecjual  to  the  true  Departure  ;  and  cori  J 
fequenttj^v?ith  this,  and  the  true  Difference  of  Latij 
tude,  we  may  (hy  Cafe  4.  of  Flam  Sailing)  find  tHtfr 
true  Courfe  and  Diftance. 


Example. 

Suppofe  a  Ship  from  the  Latirade  of  44°,  jfl| 
North,  fails  between  S'vidb  and  Erjt  upon  leveral 
Courfes,  near  the  Middle  of  the  Qiiadrant,  for  cfic^ 
Space  of  24  Mours,  nn'd  is  then  found,  by  deacjf  j 
Reckoning  to  be  in  the  Latitude  of  42',  15'  North*  J 
and  to  have  made  of  Eafting  136  Miles ;  but  by  Ob'^ 
fcrvation  Ihe's  found  to  be  in  the  Latitude  of  42%  ^fl 
North.     Required  her  true  Courfe  and  Diftance.    ' 

With  the  true  Diftance  of  Latitude  i54M!lei 
and  the  direift  Diftance  by  dead  Reckoning  197.4 
you'll  find  {by  Cafe  3,  cf  Plane  Sailing)  the  new  De-j 
parture  to  be  123,4,  and  half  the  Sum  of  this, 
the  Departure  by  dead  Reckoning,  will  be  129,7  the? 
true  Departure  ;  then  with  this,  and  the  true  Diffc-, 
rencc  of  Latitude,  you'll  find  {by  Cafe  4.  of  Planr 
Sailing)  the  true  Courfe  to  be  S  40°,  y'  E,  and  the  ' 
diretft  Diftance  200.9  Miles. 

7.  In  keeping  a  Ship's  Reckoning  at  Sea,  the 
common  Method  is  to  take  from  the  Log-hard,^ 
thefeveral  Courfes  and  Diftances  ftcmmed  by  thff* 
Ship-thclaft  24  Hours,  and  to  transfer  thefe  toge- 
ther with  the  moft  remarkable  Occurrences 
the  Leg-Siok,  in  which  alfo  are  infcrted  [Jif  CourfcS 
Y  correded. 


jZ2     fU  Method  ^  K^txi  eai  CtmSa^t  &c. 

cxTCCcd,  ir^  the  D.zbmce  ot  tjrirntV  and  Dii- 
Urtotx  M  ly^.gitudc  trade  gccd  upoa  cacfa^  tbca 
the  whole  Dajrs  Wg^  being  cnifh'd  in  the  L»- 
B^fkf  if  tee  L^nrude  bjr  Account  agree  with  t£e 
iMitudc  b^  Cmcrvanoo,  the  Ship's  Place  will  be 
truly  determined  ;  if  doc,  then  toe  Reckfming  muft 
be  corrected  according  to  the  preceding  Roles,  and 
placed  in  the  JoumaL 

The  Form  of  the  Lcg-Boei  and  Jounalf  tf^ether 
with  an  Example  of  z  Days  Work,  you  have  heic 
futijoined. 

NotCj  To  exprefs  the  Days  of  the  Week,   they 

commonly  ufe  the  Characters  by  which  the  Sno  and 
Planets  arc  exprcflcd,  viz.  O  denotes  Sunday^  J  JMw- 
day,  3  Tuefd^,  8  Weimfday,  %  Tburfdaj,  S  Fri- 
dajf  and  h  demotes  Saturday. 


THE 


THE 


F         O         R         M 


O  F    T  H  E 


LOG-BOOK, 


With   the    Manner   of  working   Days 

Works  at  Sea. 


Y  2 


rbe  Methoi  of  Keeping  and  CorrtSing     ^^^^H 
The  Log-Book.  ^H 

K.tCourfes.  Winds.  Obfervations  and  -'M^l 

cidents.  B 3  H 

Day  of 


North 


Fair  Weather,  at 
Four  this  Afternoon 
I  took  my  Departure 
from  the  Lizard,  in 
the  Latitude  of  5°, 
00'  North,  it  bearing 
N  N  E,  Diftaiice  fiv( 
Leagues. 


The  Gale  incrcaf-| 
ing,  and  being  undei 
alt  our  Sails. 

After  Three  thl 
Morning,  frequent 
Showers  with  thick 
Weather  till  near 
Noon^, 


The  Variation  ' 
reckon  to  be  one  Poi^j 
Weftcrlv. 


A  ymrnd  at  Sea. 


325 


I'he  Log-Book, 

• 

Courfcs  correft. 

DM. 

.50 
19 

49 

24.5 

25-5 

1        Dir.  Laf. 

Diff.  tOfi^. 

ssw 

sw 

SW4.S 

I 

N, 

s 

•    E 

W 

46.2 

18.6 
297 

20.2 

^9-5 

29.4 

5-5 

45-5 
20.0 

24.6 

134-2 

125.0 

Hence  the  Ship,  by  Account,  has  come  to  the 
Latitude  of  47**,  46'  Norths  and  has  differed  her 
Longitude  2'',  5'  Wefterly ;  fo  this  Day  I  have  made 
my  Way  good  S  3 1  **,  31'  W,  Diftancc  157.4  Miles. 

At  Noon  the  Uzafd  bbft  from  nie  N  31%  31'  E 
Diftance  157.4  Miles,  and  having  obfefved  the  La- 
titude, I  found  it  agree  with  the  Latitude  by  Ac- 
count. 
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The 
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The  Log-Book. 


H.  K.  4^K.  Courfcs.        Winds. 


SSW  W 

Handed  the  Main 
and  Fofe  Courfes, 
Lee-way  6  Points. 


The  Wind  increaf- 
ing,  we  tried  a  Hull, 
Lee-way  7  Pointa. 


SW^W  NWiW 
Set  main-Sail,  Lee- 
way 4y  Points. 


S^E  SW^W 
Set  Fore-faii,  Lee- 
way 3  Points. 


Obfcrvations   and 
Accidents.  S 
Day  of- 


This  24  Hours, 
ftrong  Gale  of 
Wind,  and  vari- 
able.     , 


The  Variation  I 
judge    to    be 
Point  Weft. 


Lat.  by  Obferva- 
tlon,  47°,  06'  N, 


tbt 


A  Journal  at  Sea. 


227 


The  Log-Book. 

Courfes  Correft. 

Difi. 

Diff.  Lat.        Diff.  Long.  | 

SE3E 
E'SE 
S4E 

32.5 
6 

9 

N 

S 
17.8 

2-3 

8.9 
29.0 

E 

W 

377 
10.6 

1-3 
49.6 

Hence  the  Ship,  by  Account,  has  come  to  the 
Latitude  of  47°,  1/  North, 'and  has  differed  her 
Longitude  49'  Eafterly  -,  confequently  fhe  has  got 
1°,  16'  to  the  Weft  ward  of  the  Lizard^  and  has 
made  her  Way  good  the  laft  24  Hours,  S  49*",  08' 
E,  Diftance  44.3  Miles, 

At  Noon  the  Lizard  bore  from  me  North  i;,"",  7' 
Eaft,  Diftance  1 70.6  Miles. 

This  Day  I  had  an  Obfervation,  and  found  the 
Latitude  by  Account  to  difagree  with  the  Latitude 
by  Obfervation  by  1 1  Minutes,  I  being  fo  much 
further  to  the  Southward  than  by  Dead  Reckoning, 
which  by  the  third  of  the  preceding  Rules  I  correft 
as  in  the  Journal. 
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,  <)/  MENSURATION. 


SECT.     XV. 


Of   MENSURATION. 


"Def.  'Tp  H  E  Area  of  any  plane  Surface  in  Inches, 
■^     Feet,  or  any  other  Meafure,  is  the  Num- 
ber of  fquare  Inches,  Feec,  ^c.  that  the  Surface  con- 
tains, 

I,  Let  ABCD  reprefent  a  reflangular  Parallelo- 
gram, and  fuppofe  the  Side  AB,  or  DC,  contains 
Q^  ^ Q    eight  equal  Parts, 


and  the  Side  A  D 
H  or  BC  three  of  the 
jr     fame  Parts-,    then 


let  the  Line    A  B 


be  moved  along  in 
the  Direftion  of  AD  till  it  has  come  to  EF,  where 
AE  or  FB,  theDiftanceof  it  from  it's  firft  Situation, 
may  be  equal  to  one  of  the  equal  Parts  ;  Here  'tis  evi- 
dent, that  the  generated  Parallelogram  ABFE  will 
contain  as  many  Squares  as  the  Side  AB  contains  equal 
Parts  (in  this  Cafe  eight),  each  Square  having  for  it's 
Side  one  of  the  equal  Parts  into  which  AB  or  AD  is 
divided.  Again,  let  A  B  move  on  till  it  comes  to 
GH,  fo  as  GE  or  HF  may  be  equal  to  AE  or  BF, 
then  'tis  plain  that  the  Parallelogram  AG  MB  will 
contain  twice  as  many  Squares  as  the  Side  AB  contains 
equal  Parts,  each  Square  having  one  of  the  equal  Parts, 
into  which  A B  or  AD  is  divided,  for  it's  Side;  and 
by  the  fame  Way  of  Reafoning  it  will  appear,  that  the 
Parallelogram  A  D  C  B  will  contain  three  Times  as 
many  Squares  as  ilic  Side  AB  contains  equal  Parts- 
and,  in  general,  that  every  reftangular  Parallelogram 
3  contains 


33<l  0/  M  E  N  S  U  R  A  T I O  N. 
contains  as  many  Squares  as  the  Produft  of  theNunv- 
ber  of  equal  Parts  in  the  Bafe  multiplied  into  the 
Number  of  the  fame  equal  Parts  in  the  Height  con- 
tains Units,  each  Square  having  for  it's  Side  one  of 
the  equal  Parts. 

Hence  arifes  the  Solution  of  the  following  Pro- 
blems. 

Problem  i. 

To  find  the  Area  of  a  redlangular  Parallelogram. 
Rule.    Multiply  the  Bale  into  the  perpendicular 
Height,  and  the  Produft  is  the  Area  required. 


Example. 

Suppofe  the  Bafe  A  B  (fee  the  preceding  Figure) 
of  the  redangular  Parallelogram  A  B  C  D,  is  fix 
Inches  in  Length,  and  the  Perpendicular  A  D  three 
Inches,  required  the  Area  of  that  Parallelogram  ia 
Inches. 

6  the  Bafe  A  B 

3  the  Perpendicular  A  D 


Produft  1 8  the  Area  of  the  Parallelogram  A  B  C  D 
in  Inches. 

Problem  2. 

To  find  thfe  Area  of  an  Oblique- Angular-Paralle- 
logram. 

Rule.  Multiply  the  Bafe  into  the  perpendicular 
Height,  and  the  Produft  is  the  Area.  The  Reafon 
of  this  Rule  is  evident  from  Art.  69.  Scul.  I. 


Example. 
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Example. 


Suppofe  the  Bafc 
AD  of  the  Oblique- 
Angular  Parallelo- 
gram ADCB,  is  30 
Inches,  and  the  Per- 
pendicular  BE    12 


7C 


30. 


inches ;  required  the  Area  in  Inches. 

Multiplying  30  the  Bafe,  into  12  the  perpendicular 
Height,  the  Produft  360,  is  the  Area,  or  Number 
of  fquarc  Inches  contained  in  the  propofed  Figur^. 

Prohkm  3. 

To  find  the  Area  of  a  Triangle. 

Rule.  Multiply  the  Bafe  into  half  the  perpendi- 
cular Height,  and  the  Produft  is  the  Area  required. 
The  Reafon  of  this  Rule  is  plain  from  C^r.  3.  Art.  68. 
Se£l.  I. 

Example. 

■  In  the  Triangle  A  B  D,  fuppofe  the  Bafe  A  D  is- 
^6  Feet,    and   the  Per- 
pendicular BC  14;   re- 
quired the  Area. 

The  Bafe  56,    multi- 
plied' into   7,    half   the 
Perpendicular,   gives  391,.  the  Area  or  fqugrc  Feet'; 
containeil  in  the  given  Triangle. 


Problem  4. 


To  find  the  Area  of  ?ny  irregOlar  Figure. 

4  Rule. 


1 
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Rale.  Reduce  the  Figure  to  Triangles,  by  drawing 
Diagonals  therein  ;   then  find  the  Area  of  each  Tri- 
angle, and  the  Sum  of  thefe  is  the  Area  of  the  pro-J 
pofcd  Figure.  ' 

Example. 

Required    the    Area    of    the   irregular    Fieiiii 
ABDFHGEC. 


Draw  the  Diagonals  E  H,  %F,  ED,  DC,  and  DA, 
■which  will  divide  the  Figure  into  fix  Triangles,  in 
each  of  which  let  fall  from  any  one  of  it's  Angles  a 
Perpendicular  to  the  oppofite  Side ;  then  fuppofing 
the  Lengths  of  thefe  to  be  as  they  are  exprefled  in  thc>-g 
Figure,  the  Operation  will  ftand  as  follows ; 


34.3.5  the  Area  of  the  whole  Fi- 

'"■gure. 


Figui 


Problem 


Of  MENSURATION. 

ProMem  5. 


$13 


.    To  find  the  Area  of  any  regular  Polygon. 

Rule.  Through  any  three  of  the  angular  Poinia 
draw  a  Circle  (by  Preli.  8.  Sell.  I.)  which  will  pafs 
through  the  reft  alfo ;  then  from  the  Center  of  this 
(^irclc  let  fall  upon  any  of  the  Sides  a  Perpendicular, 
and  half  this  Perpendicular  multiplied  into  the  Sum 
of  the  Sides,  will  give  the  Area  required. 


Example. 

Required  the  Area  of 
the  Hexagon  A  B  H  D 
EF,  the  Center  of  whofe 
circumfcribed  Circle  is 
C,  and  the  Perpendicular 
CG  from  the  Center  up- 
on one  of  the  Sides  is 
20.8,  each  Side  of  the 
Polygon  being  24. 

The  Sum  of  the  Sides  D    '     '-"H 

is  144,  which  multiplied  by  10.4^  half  the  Perpendi- 
cular, gives  1497^6,  the  Area  01  the  proppfed  Hex- 
agon. 

2.  It  has  been  found  by  Calculation,  that  if  the 
Diameter  of  a  Circle  be  i,  the  Circumference  of  the 
fame  will  be  3.1416  nearly  j  and  confequently  the 
Diameter  of  any  Circle  will  be  to  it's  Ciicumferencc 
as  I  to  3.1416,  i^  e  conira. 

Cor.  I.  Hence,  multiplying  the  Diameter  of  any 
Circle  by  3.1416,  the  Produft  will  be  the  Circum- 
ference. Thus,  let  the  Diameter  of  a  Circle  be  36; 
then  36  multiplied  by  3.1416,  will  give  113.0976, 
the  Circumference  of  the  propofcd  Circle. 

Ccr. 


I 
I 


Of  MENSURATION. 

Cor.  2.  Hence,  dividing  the  Circumference  of  4 
Circle  by  3.1416,  the  Quotient  wiil  be  che  DiameecrJ 
So  if  the  Circumference  of  a  Circle  be  75.39S4.,  then 
this  divided  by  3.1416,  will  give  24,  the  Diaitictei 
of  the  propofed  Circle. 

Now  a  Circle  being  a  Polygon  of  an  infinite  NiiajiJ 
ber  of  Sides,  the  Sum  of  all  which  is  the  Circumfcil 
rence,  and  the  Perpendicular  on  any  of  them  the  Ra^ 
dius :  Therefore 

Prcbh'm  6. 

Given  the  Diameter  of  a  Circle,  to  find  it's  Area.  ^ 

Rule.  Firft  find  the  Circumference  (by  the  6rfb  c 
the  preceding  Corollaries)  which  multiply  by  half  thi 
Radius,  and  the  Produ£t  is  Uie  Area. 

Example. 

Required  the  Area  of  a  Circle  whofe  Diameter  1336 

Firjf^  I  find  the  Circumference  is  115.0976,  whic^ 
multiplied  by  g,  half  the  Radius,  gives  1017.S784JI 
the  Area  required.  ■■ 


Problem 


The  Circumference  of  a  Circle  given,  to  End  i 
Area. 

Rule.  Find  the  Diameter,  by  Cor.  1 ;  then  mulriJ^ 
ply  the  Circumference  by  half  the  Radius,   and  tlM 

Produift  is  tlie  Area. 

Example. 

Required  the  Area  of  a  Circle,  whofe  Circumfc-  | 
rcnae  is  75.3984. 


Of  MENSURATION.         tSS 

Firfi^  1  .find  the  Diameter  to  be  24;  then  multiply- 
ing the  Circumference  75.3984  by  half  the  Radius, 
vi%.  6,  the  Produft  452.3904  is  the  Area  required. 

'  i 

Problem  8. 

To  find  the  Area  of  an  EUipfe. 

.  Ruk.-  Multiply  the  greateft  Axis  into  the  leaft, 
and  the  Product  into  .7854,  and  this  laft  Product  i$ 
the  Area. 

Example. 

Suppbfe  in  the  EUipfe  A  B  C  D,  the  greateft  Axis 


AC  is  36,  and  the  leaft* Axis  B"D  20 >  required  the 
Area  of  that  EUipfe. 

Multiplying  36  into  20,  the  Product  is  720,  which 
multiplied  into  .7854,  gives  565.488,  the  Area  of 
the  propofed  EUipfe, 


•  '      V 


J.  A 


Of  MENSURATION. 
3.  A  Salji  is  tbat  which  bath  Lengthy  Breadth^  Jtrii 
Thickocfi. 

C  4.  A  Cube  is'  a  Sc(lJ3_ 
bounded  by  fix  cqud 
Squares.  Thus  the  Stf 
lid  ABCGFEHEif" 
bounded  by  the  Cr  e- 
quai  Squares  A  B  C  D, 
C  D  F  G,  A  D  F  E, 
A  B  H  E,   B  C  G  H, 

and    H  G  F  E.    is    » 

E  F  Cube. 

If  the  terminating  Squares  be  fquare  Inches,  then 
the  Solid  is  called  a  Cubic  Inch ;  if  fquare  Feet,  a 
Cubic  Foot,  i^c. 

'2.  The  Solidity  of  any  Body  in  Inches,  Feet,  &i 
is  the  Number  of  Cubic  Inches,  Feet,  i^c.  the  Bod' 
contains. 

6.  A  Parallelepiped  is  a  Solid  terminattd  by  fix 
Quadrilateral  Figures,  of  which  each  two  oppo0te 


i 


to  one  another  are  equal  and  paraHel,  as  ABCG, 
F  D  H  E. 

The  Solidity  of  this  Body  is  found'  by  mukiplyiBg 
the  Length,  Breadth,  and  Thicknefs,  into  one  ano- 
ther; and  the  Produd:  is  that  required. 

Example.  Suppofe  in  the  Paraliehpiped  ABC 
D  F  G  H  E,  the  Length  E  F  is  36  Feet,  the 
Breadth  DF  16,  and  the  Thicknefs  FG  12;  then 

thcfe  Jl 
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thefe  ihr«  multiplied  into  one  another  will  give  69 1 2 
for  the  Solidity,  or  Numbec  of  Cubic  Feet  the  prff- 
poled  Body  contains. 

The  Areaoftlie  Surface,  or  fuperficial  Concent  of 
that  Body,  is  found  by  taking  the  Sum  of  the  Arcaj 
of  the  Quadrilateral  Figures  that  terminate  ic. 

7.  If  in  a  rcaanguUr  Parallelogram  ACGF,  one 
'of  the  Sides  GC  remain  fixed,  and  the  Parallelogram 
move  quite  round  to  It's 
ifirfl:  Place  j  then  the  ec- 
ntraied  Solid  ADHF  is 
called  a  Cylinder. 

The  Solidity  of  this 
Body  is  found  by  multi- 
plying the  Area  of  one  of  it's  circular  Bafes  into  the 
Length.  Thus  let  the  Radius  AC  of  one  of  the  Bales 
cf  the  CyUnder  be  6  Inches,  and  the  Length  AF  36  j 
then  the  Area  of  the  Bafe  ABDE  will  be  113.0976 
(by  Problem  6.)  which  multiplied  into  the  Length  ^6^ 
gives  4071. 5136  for  the  Solidity. 

The  fuperficial  Content  is  found  by  multiplying  the 
Circumference  of  one  of  the  Bafes  into  the  Length, 
and  to  the  Product  adding  the  Areas  of  the  two  Bafes. 

S.  Solids  tliat  decreafe  from  the  Bafe  gradually  'till 


they  end  in  a  Point,  are  in  general  called  Pyramids, 
Z  aoj 


$ 


or  MENSURATION 

and  are  of  xlifferem  Kinds,  :K:coniing  to  ihe  Figure 
of  ihdr  Baies.  .  Thus  a  Pyramid,  having  a  triaiK 
gular  Bafe,  is  called  a  Triangular  Pyramd,  as  ABGfT'" 
and  if  the  Bafe  be  a  Parallelogram,  it  is  ealkdn  PJt 
ralL-kgrotnU  Pyramid,  as  I)EFGK:i  and  if  a  Gin 
it  is  called  a  Circular  Pyramid,  or  (imply  a  Ome,  ■ 
L  M  N,  i^£.  The  Point  in  which  the  Pyramid  < 
is  called  the  Verlex;  aad  a  Line  drawn  from  the  Va 
Kx  perpendicular  to  ihe  Bafe,  is  called  the  Height  t 
the  Pyremtd. 

The  Solidity  of  a  Pyramid  is  found  by  mukiplyihj 
the  Area  of  the  Bale  into  \  the  Height.  ,  Thus  fin 
pofe  the  Diameter  of  the  Bafe  of  a  Omt  is  24  Inchd 
and  the  Height  51 ;  then  the  Area  of  the  Bafd  wq 
be  452.3904,  which  mukiplipd  by  17,  the  thirdPiJ 
of  the  Height,  gives  7%o.6568.  The  fupciifidi 
Content  of  a  Cone  is  found  by  multiplying  the  CB 
cumference  of  the  Bafe  into  half  the  Line  joining  tT' 
Vertex,  and  any  Point  in  that  Circumference,  and  to 
that  Produft  adding  the  Area  of  the  Bale.  ' 

9.  If  a  Semicircle  be  turned  quite  round  upon  it'i 
Diameter  as  an  Axis,  it  will  generate  a  Solid  called  * 
Chbe  or  Sphere.  ■    ■ 

The  Area  of  the  Surface  of  a  Globe  is  found,  by 
multiplying  the  Diameter  into  the  Circumference  of 
a  great  Circle  upon  it.  Thus  fuppofc  the  Diameter 
of  a  Globe  is  1 6  Inches,  then  the  Circumference  of  a 
great  Circle  upon  that  Globe  will  be  50.26516,  which 
multiplied  by  16  the  Diameter,  gives  804.2496  for 
the  luperficial  Content  in  Inches. 

The  Solidity  of  a  Globe  is  found,  by  multiplying 
ll«  fupcfrficial  Content  by  4-  the  Diameter.  Thus 
fuppofe  the  Diameter  of  a  Globe  is  18,  then  the 
Area  of  the  Surface  will  be  1017.8784^  which  mul- 
riplied  by  3  gives  3053.6352  for  the  Solidity, 
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JO.  We  have  fliewn  how  to"  find  the  Soliditf  of  a 
Cone,  having  the  Diameter  of  the  Bafe  snd  the 
Height  given,  and  thence  we  have  a  Mechodof 'find- 
ing the  Solidity  of  a  Frufimm  of  a  Cone^'  having  ihc 
Diameter  of  each  Bafe  and  the  Height  of  the  Fruf- 
tHm  given.  Let  FBDG  denote  a  Fruftum  of  thg 
Cone  ABD,  BD  the  greateft,  and  FG  the  leaft  Dia- 
meter of  the  Fruftum.  Join  the  Vertex  of  the  Cone 
A,  and  the  Center  of  the  Bafe  C,  ■with  the  right  Line 
AC,  which  will  pafs  thro* 
H,  the  Center  of  the  Jeaft 
Bafe  of  the  Fruftum,  and 
thro'  G'  draw  GE  paral- 
lel to  AC,  which  will  be 
equal  to  HC,  the  Height 
of  the  Fruftum ;  then  'tis 
evideot  that  E  D  will  be 
the  DifFererice  between 
the  greateft  and  leaft  Se- 
mi-diameters of  the  Fruf- 
tum J  and  fince  the  Tri- 
angles ACD  and  GEDarc 
fimilar,  therefore  (by  Art. 
73'.  SeSi.i.)  DE:  DC  :  : 
EG :  C  A, ;.  e.  As  the  Difference  between  the  greateft 
and  leaft  Semi-diameters  cff  the  Fruftum  is  10  the 
greateft  Semi-diameter,  fo  is  the  Heightof  the  Fruf- 
tum to  the  Height  af  the  whole  Cone.  Confequenr-  . 
iy,  having  the  Diameter  of  the  Bafe,  and  He^ht  of 
the  whole-Cone,  -wc  can  find  it's  Sotidity ;  and  from 
AC,  the  Height  of  the  whole  Cone,  taking  CH  the 
Height  of  the  Fruftum,  wc  have  AH  the  Height 
iof  the  Conccut-offi  with  which,  and  the  Bafe  FG, 
which'is  given,  we  may  find  the  Solidity  of  the€one 
^futofF,  AFG.  -Confequently  from  the  Solidity  of 
the  wiKdcGone  AB*D,*  taking  the  Solidity  of  the 
fmall  Cone  AFG,  there  will  remain  the  Solidity  of 
the  Fruftum  FBDG. 
'  '  Z  2  Example. 


Of   MENSURATION. 

Example.  Suppofe  the  grcatcfl:  Diameter  of  the  F  ru] 
turn  of  a  Cone  is  20,  andrheleaft  12,  and  theHeigil. 
12,  [hen  the  Difference  between  the  two  Semi-diffJ 
meters  will  be  4,  and  making  it  as  4  ;  i  o  ;  :  1 2  :  30  5 
we  have  30  for  the  Height  of  the  whole  Cone,  and 
from  30  taking  12,  there  remains  18,  the  Height  1 
the  leaftConcj  fo  the  Solidity  of  the  Whole  Cone- 
3141.6,  and  the  Solidity  of  the  leailCone  is  678.5}! 5* 
the  Difference  of  ihefe  is  2463.0144,  which  is  the"* 
lidity  of  the  propofed  Prullum. 

The  fuperficial  Content  of  a  Fruftum  of  a  Coi 
found  by  adding  to  the  fuperfidal  Content  of  the  whi 
Cone,  twice  the  Area  ot  the  Eal'c  of  the  fmall  Cone, 
and  from  that  Sum  taking  the  fupcrficial  Content  of 
the  fmall  Cone. 

1 1.  We  have.  In  the  preceding  Part  of  this  Book, 
(hewn  the  Ufe  of  Plane  Trigonometry  in  folving  Pro- 
blems of  Navigation,  and  now  we  Ihall  apply  it,  1 
the  following  Problems,  to  the  meafuring  the  Hcighj 
of  acceflible  and  inacceffible  Objefts.  '      ' 


Prehkm  i. 


1 


To  find  the  Height  of  any  acceflible  Objei51:. 

Let  13  C  be  the  Objed  co  be  obfcrved,  and  from 
any  Point  A  in  the  Level  upon  which  the  Objeift 
iUnds,  let  ;]ie  Angle  of 
Alr.tude  CAB  be  obfcrv- 
cd,  and  meal'ure  the  Dif- 
tance  A  B ;  then  in  the 
right  -  angled  Triangle 
A  B  C,  are  given  die  cwo 
oblique  Angles  A  and  C, 
and  the  Side  AB,  whence 
Cafe 'I.  cf  Rgams^iiJar  Tris.— 


to  find  BC  it  will  be 
gmiomcliy) 


(by 


;  T,    A  ::  AB  :  BC. 
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'  Example.  Suppofe  the  Angle  of  Altitude  C  A  B  is 
37'^>  24V  and  the  Length  AB  h  6  Feet,  then  for 
B  C  re  will  be, 


As  Radius     •-.-..--. 
is  to  the  Tang,  of  Altitude  ^j""^  24'   - 
fois  AB      -     --     *     -     -     116 
to  thfe  Height  of  the  Objea  BC  88.69 


-  10.00000 

-  9.88341 
■  -  2.06446 

-  1.94787 


NofCi  Jn  taking  the  Height  of  any  Objeft,  if  the 
Eye  be  not  in  the  Level  upon  which  the  Objeft  (lands, 
then  to  or  from  the  Height  found,  you  muft  add  or 
fubtrad  the  Diftance  of  the  Eye  from  the  Level,  ac- 
cording as  it  is  placed  above  or  below  it,  and  the 
Sum,  or  Difference,  is  the  true  Height  of  the  Ob^ 

jea. 

The  Height  of  an  acceffible  Objedk  may  alfo  be 
found  by  means  of  it's  Shadow.  Thus  fuppofc  C  B 
is  the  Objeft,  and  B  A  it*s  Shadow,   caufed  by  the 


Sun  at  S,  and  let  DE  be  a  Stick  of  a  known  Length, 
placed  perpendicular  to  the  Line  of  the  Shadow,  and 
in  fome  Point  of  it  D,  fo  as  the  Extremity  of  the 
Shadows  of  the  Objed  and  Stick  may  coincide  at  A ; 
mealurc  AD.  and  AB  the  Length  of  the  Shadows, 
and  then  fince  E  D  and  C  B  are  both  perpendicular 
p  AB,  it  will  be,  as  AD  the  Stick's  Shadow,  is  to 
D  E  the  Length  of  the  Stick,  fo  is  AB  the  Objed's 
Shadow,-  to  C  B  the  Height  of  the  Objed. 

Z  3  Problem 
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I 

frdhleni  2. 

To  find  the  Altitude  of  the  Sun  by  the  Length  of 
the  Shadow  of  an  acceflible  Objeft,  whofe  Meafurc 
is  alfo  known. 

I^et  C  B  reprefcnt  a  Stick,  or  any  other  acceflible 
Objcft  of  a  known  Length,   ftanding  perpendicular 

to  the  horizontal  Plane  AB, 
^v4  let  A  B  be  it's?  Shadow 
niade  by  the  Sun  at  S ;  niea- 
fure  the  Length  of, the  Sha- 
dow AB,  and  then  in  the 
right-angled  Triangle  ABC 
are  given  the  two  Sides  AB 
and  B C,  whence  to  find  the  Angle  CAB,  or  the 
Altitude  of  the  Sun  at/the  Time  of  Obfemtion,  if 
will  be  (by  Cafe  4.  of  ReSlangular  Yrigonomefry)  • 

AB  :  BC  i  r  R  :  T,    A. 

Example.  Suppofe  the  Stick  B  C  is  4  Feet,  and  the 
Shadow  of  it  A  B  5,  then  for  the  Sun*s  Altittide  if 
will  be, 

As  the  Length  of  the  Shadow     -     5      -      0.69897 
is  to  the  Length  of  the  Stick      -     4      -      0.60206 

fo  is  Radius  - ---     10.00000 

p  the  Tang,  of  the  Sun's  Alt.  38"*,  39'   -    9.90309 

Problem  3. 

To  find  the  Height  and  Diftance  of  an  inficccfliMc 
bbiec?L. 

Let  D  E  reprcfent  an  in^cceflible  Objeft,  and  B  4 
Point  in  the  horizontal  Plane  on  which  it  ftands,  and 
from  whence  we  can  obferve  the  Angle  of  Altitude 
D  B  E  •,  at  any  other  Point  in  the  fame  Plane  as  A, 
obferve  the  Angle  of  Altitude  DAE,  and  mcafure 

4  the 
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the  Length  of  A  B  the  Diftance  between  the  two  Sta- 
tions A  and  B,  then  in  the  Triangle  A  B  D,  having. 


the  cxternid  Angle  ©RE,  togethef  with  the  ipteri>al 
oppofitp  one. A,  :wve  jiavrthe  Angle  ADB  (by  JrU  60. 
S£Sl.  I.)  and  alfo  the  Side  A  B;  whence  for  BD,  the 
Hypothcn.viljb  of  the  right-angled  Triangle  DEB,  it 
will  be  (j>y  Q\le  2.  ef  Oblique-angled  Trigonometry) 
.  Sv  ADB  :  AB  :  :  S,  A  :  BD, 
Then  in  the  right-angled  Triangle  DEB,  arc 
givcB  theHypotheniife  B  D,  and  die  oblique  Angles ; 
whence  for  D  E  the  Height  of  the  Objeft,  it  will  be 
(by  Cafe  3.  of  ReSiangular  Trigonometry) 

R,   :  S,  DBE  :  :  BD  :  DE. 
And  for  B  E,  the  Diliance  of  the  Objedt  from  the 
neareft  Station,  it  will  be  by  the  fame, 
.    .  R,  ;  S^  DBE  :  :  BD  :  BE. 


r 


Example.  Suppofe  the  Angle  of  Altitude  at  B  is 
43%  30',  and  at  A  32**,  X2\  and  theDiftance  AB 
between  the  two  Stations  is  1 12  Feet ;  then  the  Angle 
ADB' will  be  11%  18',  and  the  Angle  BE  will  be 
46°,  30'.     Hence  for  BD  it  will  be. 


As  the  Sine  of  AD 9    -    -  ii%  18' 

bta  AB -112- 

ftf  is  the.Sinc  of  A    -    -  .  -  32*^,  12' 
viy  -B  JJ)    -!►    -    -.    -    -    -  *  -    304.6 

/    Z4 


9.29214 
2.04922 
9.72663 
2.48371 

Then 


Of  SURVEYING 
Then  for  DEihc Height  6f  tlw 0^ca."ii 

AsRadiuJ'    --'--'--    -    -  -     ip.,oo< 
is  to  the  Sine  of  D B E    -    43",  30'     -,  ,^^ 

fo  is  BD    - 304.6  -      2,.^4,^ 

to  DE  -    -    -    -    -     -    -     209.7  -      2.32,15;^ 

Laftly,    For  BE  the  Diftar.cc  of  ihe  Objea:  from  | 
the  neareft  Station,  it  will  be, 

As  Radius     -    -    -    - 10.00000  , 

is  to  the  Sine  of  B  D  E     -     46°,  30'     -      9.86056  J 
foisBD---     ---    304.6     -    a  4837t 

to  BE    -    -,  *    -    -    .    -    221     -    -   2.3442;? 

tf  the  Objeft  ftands  upon  a  rifing  Ground,  then 
find;  the  Height  of  the  Objeft  above  the  Plane  on 
which; you  ftand  (^  the  laji  Problem)  as  alfo  the  Height  ■ 
of  fome  {"oint  on  the  tifirg  Ground  near  the  Foot  of  > 
the  Objeftj  -and  this  lad:  Height  taken  from  xhc  f 
mer  will  give  the  true  Height  of  the  Objefl. 


S  E  C  T.     XV!. 
Of   S  URVE  YING. 


i'.  "T*  H  E    Inftruments    chiefly  in  ufe  for   taking" 

-*■  Ao^les'iii  the  Field  are,  the  Pkns-Tabls, 
I'bsodoUie,  Cpfflpflfi,  Samidrde,  &c.  the  Nature  and 
Ufr  SiTwfiich  ai'e  much  caficr  obtained  by  viewing 
ih^^nftritmcnr's  ihemfeivcs,  than  by  a  Defcriplion  of 
theiii  Trotii  their  Draughts  upon  Paper, 


a.'  Ty  iWeafiire  Diftances  upon  die  Field,  UieyjGoi 
m6nly.,6fe  Mr.  Gunter'i  Chaini  whicli  contains^i 
YafAs-in  Length,  the  4th  Part  of  whicH,  £i  Yartlsi 
pr  i6i^'Fccc»  Is  called  s.  Perch,  Ot  PoU,  confequently 
a  fquai 


WlitfU'T. 


wm 


J 
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a  fquarc  Chain  contains  16  rqnarc  Poles,  and  fince  an 
Acre  contains  10  fquare  Chains,  therefore  i6p  fqviare 
Poles  is.  equal  to  one  Acre.  This  Chain  is  commonly 
divided  into  100  equal, Parts  called  Unh^  and  isfome- 
tinies  marked  at  every  10  Links,  for  the  Convcnicucy 
of  working  by  Decimals, 


Prohlem  i. 


-.■w> 


To.fipcJ  the  Diftancc  of  any  Objeft  from  a  jgivcn 
Poiritl-  ^  i     -      *^    '^ 

Let ^ the  Objeft  be;D,  and  the  given  Point  A; 
then  let' the  Diftance  between  A  and. any  other  Point 
B  (ifitmi/rwhcniHi  W5  caft 
fee."the:Qbjfea)'.  be  meaifu- 
red,  and-iwith  a  .Semicir- 
cle, 6r^  K»tY  ^f^P  proper 
Inftrumcnt,  i  take  the  An- 
gles DAB  and^  ABD5 
then  in  the  Triangle  ABD 
are  given  the  -Angles  and 
the  Side  A  B,  whence  to 
find  the  Side  A  D  it  will 
be  {by  Cafe  2.  of  Oblique-' 
angled  Trigonometry) 


•.% 


/■ 


:■  K        '     ■  " 


S,  D  :  AB  :  :  S,  B  :  AD. 


Exanqde.  Suppofe  B  A  is  126  Feet;  the  Angle  A 
98?,  0/,  the  Angle  B  46*",  33',  and  confequently 
the  Apgle  D  -35^,  20';  then  for  AD  it  will  be. 


35^^  20' 


As  the  Sine  of  D    -    -    - 
is  to  the  Diftance  A  B    •    -    126 
fo  b  the  Sine  of  B    -    -   -   46"^,  33' 
to  the  Dift.  between  A  and  D  -  158.2 


9.76218 
2.10037 
9.86092 
2.19911 

Problem 
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■    ■         ■  i  «  .  .   ..  ,   ,  1 

'.  i    .       ;  Prcilcm  z.  \' 

■    -  ,  ^ 

X  To  fiwd  the  Diftance  between   two   iaacccfllble 
ubjccls. 

Let  the  two  Objcdts  be  A  arid  B,  to  which  we  can- 
not approach,  being  hindered  by  a  River,  fc?r.  aflume 

-^  ,^^ , j^     in   fome    convenient 

Pfeae  two  Poiiu^  C 
and  D,  from  each  o^ 
which   you   caft   fee 
th^  two  ObjcfVft,  and 
meafttre  the  Diflbnce; 
between  them  r^  \hm 
ac  the  Point;. C  ob- 
ierve:  th©  Angles  A 
CD  and  ,DCB,  zn^  at  D  obferw  tbc  Angles  CDS^ 
and  C  D  A  ;  fo  in  the  Triangle.  C  P B  are  given  liie 
two  Angles  B  C  0  and  CDS  (And  .coofequently  tbft  j 
Angle  CBD)  and  tfte  Side  CD-,  whence  to  find  C^i 
it  will  be,  S,  CBD  r^S,  CDB  : :  CD  :  CB.    Again,; f 
in  the  Triangle  Ad>  are  given  the  two  Angles  AC0' 
and  ADC  (and  confequently  the  Angle  CAD)  and 
the   Side   C  D,    whence  to   find   A  C   it  will   be, 
S,  CAD:S,  CDA::CD:CA.     Laftiy,   from 
the  Angle  ACD  ttike  the  Angle  D  C  B^  and  there 
will  remain  the  Angle  A  C  B  -,  then  in  the  Triangle 
AGB  are  given  the  two  Sides  AC  and  CB,  and  the 
inchsded  Angle  ACB,.  whence  AB,  the  Diftance 
betwceh  the  two  Ohgects  is  found  by  Cafe  5.  of  Oih 
Bque  TrigOKomcttj. 


t 


I     I 


*;; 


Exampk. 


Of  &  U'R  V  E  Y  I  N  G.  347 

Eicample.  Suppofc  the  Angle  A  CD  is  94®,  ^^\ 
the  Angle  BCD  41%  25',  the  Angle  CDB  103^,  14', 
the  Angle  ADC  46°,  44',  and  the  Side  CD  144 
Feet  J  Then  1  ft  for  CB  it  will  be. 

As  the  Sine  oif  CBD     -      35"*,  21'  -  5(^^6236 

is  to  the  Sine  of  C D B    -    103°,  14'  -  9^^831 

fo  is  CD     -      -      -     -,    144     .     .  -  2.15836 

toCB 242.3     -    •  -  2.38431 

2dly,  for  e  A  it  will  be, 

As  the  Sine  of  CAD     -     38^,  21'      -  9.79256 

is  16  the  Sine  of  C  D  A   -   46  ,  44    -    -  9.86223 

fo  is  CD    -    -    -.   -      -     144      -     -  2.15836 

to  CA    ^    -    -    .    -    -    169.1     -     -  2.22803- 

Laftiy,  for  A  B  it  will  be, 
As  the  Sum  of  the  Sides  7  ^       - 

AC  and  CB     •     -    I      "    4if.4    -     2.61426 

is  to  their  Difference    -     -     -     73.2     -     i.?645i 

fo  is  the  Tang,  of  I  the  Sum7  /:  o        ,      ^ 
oftheAng.XABandCBAJ^S  *  15   -  J0.29753 

to  the  Tang-  of  ^  their  DifF.  -  19  ,  26    ^    g-SA-yji 

.  Then^ 

^s  the  Sine  of  C  B  A    -    43^,  49'    -    -  9.646^^ 

is  to  the  Sine  of  ACB   -  '53  ^30    -    -  ^.90518 

fo  is  AC     -    r.     -     -  •-     169.1     -     -  2.22803 

to  AB    •    -    -    *    .    .   196.3     .     •  2.29288 

confequcntly  the  Diftance  between  the  two  Objefts 
A  and  B.is  196.3  Feet. 

ProhUm  3, 

To  take  the  Plot  of  a  Field  at  one  Station,  in  or 
near  the  Middle  of  it,  when  we  can  from  thpnce  fee 
all  the  Angles  or  Corners  of  the  Field, 

This  may  either  be  done  by  the  Plane-Taik  or 
^beodoUte^  or  any  of  the  pUier  Inftruments  above- 
ixieationed. 

Xet 


iJ  ^  r 


U 


/  '..    A 
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;  Lc?  ||»Bf Gi>E  reprefent  the  Field-,  and  firfl:  fnp^.- 
jpojfcp  yqirare  to  plot  it  with  the  Plane- Tabk:  Hav^i 
ing  :plaiHed  the  Table  with  a  Sheet 'cf  white  Papcr^- 
fixcid  upon  it,  in  or  near  the  Middle  of  the  Fields  as: 
aJL  C.<  ipatk  a  Point  upon  the  Paper,  to  reprcient  tb<^- 
Po>m  9kf:  ihe  Field  on  which  the  Table  ftands,  and  lay- . 
iogtbefidgeof  your  Index  upon  that  Pomt^  and- 
i.^^'pipg  U  there,  turn  it  about  fo  as  you  can  through 
the  Sights  fee  one  of  the  Angles,  as  A  •,  then  from 
the  Point,  along  the  Edge  of  the  Indesc,  draw  the  Line 

G  A,  and  meafuring  the 
Diftancc  on  the  Field, 
from  the  Plane-Table  to 
the  Angle  at  A,  in  Chains 
and  Linlcs,  take  if  from 
any  convenient  Line  of 
eqUaf  Parts,  and  fet  |t  off 
upon' the  Paper,  from  G 
to  A  along  the  Line  GAi 
then  (keeping  the  ifable 
ftill  fixed  as  it  was)  turn 
'  the  Index  fo,  as  it  lying 
witti  it's  Edge  upon  the  Point  G,  you  may  thro'  the 
Sights  fee  the  Angle  B,  -and  drawing  the  Line  GB» 
mcafure  the  Diftance  G  B  in  the  Field,  which  fet  off 
i^pon  the  Table  from  G  to  B ;  after  the  Came  Manner 
drawing,  the  Lines  G  C,  GD»  andGE,  and  joining. 
the  Extremities  of  them  with  the  right  Lines  AB^. 
BQ  CD,  DE,  and  EA,  the  Field  is  protrafted, 
and  the  Lines  B  A,  AE,  £sfr.  taken  from  the  Scale 
from  which  you  protraft  the  reft,  will  give  the 
Lengths  of  them  in  the  Field. 

To  perform  the  fame  with  the  Theodolite,  phce- 
the  Inftniment  in  or  near  the  Middle  of^th^  Field,-: 
as  at,G,  .and  fo  as  the  Needle  may  hang  direftly.  over' 
the  Meridian  Line  of  the  Card,  which  let  NS  rc^'i 
prdetit-,    then  dircft  your  Sights  from   Gto.-ther;. 

Angle 
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Angle  A»  and  obfcrve  the  Number  of  Degrees  it 
cuts,  or  the  Bearing  of  A,  which  fuppofe  to  be  !N 
16°,  24'  E,  and  place  this  in  the'  Ficld-Bttok;'  togeji 
ther  with  theDiilaocein  Chains  and  Links  froih  G  m 
A,  and  proceeding  the  fame  Way  with  the  reft  of  the 
Angles,  you  will  have  the  Bearing  of  each  Angle  ^jn 
the  Meridian,  together  with  the  Diftartciof  <ead»froih 
the  Inftriiment,  in  your..Field-Book,  the  Form  i 
wliich  follows :  ■'   ■      ;         .  :  : 


The   FIELD-BOOK. 


Angles. 


A 
B* 
C 
D 


N 

S 

S 

s 

N 


Bearings.     iChains 


16, 
73 

54 
59 


E 
El 


24, 

35 
15  E 
56  "W 
40  W 


7 

7 

7 
6 

7 


Links.|Rpmarks--l 


20 
60 

26 


The. Table  IS  ruled  into  five  Columns ;  in  the  firlt. 
are  marked  down  the  Angles  exprefled  by  Letters,  or 
any  other  Charaders  at  plcafure ;  the  fecond  contains 
the  Bearing  of  thefe  Angles  from  the  Meridian ;  the 
third  and  fourth  their  Diftances  in  Chains  and  Links 
from  the  Place. of  Obfervation,  and  the  fifth  h  for 
any  remarkable  Occurrence.  .      - 

Having  marked  down  the  Bearings  of  all  the  Angles 
in  the  Field  from  the  Meridian,  together  with  chtir 
Dillaqccs  in  Chains  from  the  Place  of  Obfervation^ 
iD=  your  Field- Book,  you  may  afterwards  protract  it 
vtpaaFkppT  in  the.  following  Manner,  V7Z.  AiTume 
anyi  cbavenient  Point  in  the  Papcfto  reprefejit'thc 
Piacc.':of  OWccvation,  and  through  it  drawj.i^'iJL^nc 
-  M.  '1  \  reprefent- 


r  fcprd 

Lines 

I  Field 
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fcprefenting the  Meridian-,  tlicn  fromthatPointdr: 
Lines  making  Angles  witli  the  Meridian,  as  in  tl 
Field  Book,  and  lirr  off  troni  the  faid  Point  upoi 
thcfc  Lines  the  leveral  Diftances  expreiled  in  the  Field- 
Book,  taken  from  any  Scale  of  equal  Parts,  Laftly;, 
joining  the  Extremities  of  them  with  right  Liocs, 
the  Field  will  be  procraifted,  and  tlie  Area  of  it  in 
Chains  may  be  found  by  Frob,  4.  SeSt.  XV.  which 
divided  by  10  will  give  the  Area  in  Acres. 

The  Method  of  plotting  a  Field  by  the  Semicirclt, 
Circumferenlort  &;c.  differs  fo  little  from  the  Way  of 
doing  the  fame  by  the  Theodolite,  that  it  would  be 
altogether  needlefs  to  fhow  it  in  each  of  them, 
When  the  Angles  of  the  Field  arc  at  fuch  a  Diltancc 
from  you,  that  you  cannot  perfeftly  perceive  them 
from  your  Station,  then  put  Marks  of  white  Paper, 
or  Pieces  of  Linen,  at  each  of  them,  fo  as  you  may 
cafily  fee  them. 

If  it  be  more  convenient  to  plot  the  Field  at  one 
Station,  in  or  near  ibmc  Corner  of  the  Field,  then 
you  are  to  do  it  the  fame  Way  by  the  Plane-Table, 
Theodolite,  or  any  other  of  the  Inftruments,  »s 
when  your  Station  was  in  or  near  the  Middle  of  ihe 
Field. 


ProhUm  4; 


4 


To  plot  a  Field  at  two  Stations  near  the  Middle 
thereof,  tlic  Diftance:  between  which  Statioiw  is 
known,  and  from  each  of  which  all  the  Angles  in  the 
Field  can  be  eafily  fccn. 

Let  the  Field  to  be  plotted  be  C  D  E  F  G  H  K,  in 
which  chufe  two  convenient  Points  A  and  B  near  the 
Middle,  from  each  of  which  you  can  perceive  all'the 
An^es,  and  the  Dittancc  between  which  you  know; 
then  »f  you  are  to  plot  it  by  the  Plane-'Tahle^  plane 
the  Table  upon  the  Point  A,   and  mark  a  certain 

Poioi 
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9<kM  upon  the  Table  to  rcprefdn*  if,  ^poit  'whidl 
lay  die  Edge  of  the  Itidex,  and  dircft  the  Siglwucii 
the  other  Station  B^  and  by  the  Side  of  «b6  indek 
tJi^aw  AB,  then  from  A  along  that  Line  fee  offia 
Line  AB,  taken  from  any  convenient  Scale -of  i^qiMl 
Parts,  equal  to  the  Diftance  betw«A  yoor  «wo  Sol^ 
rions  v  then  laying  the  Edge  of  your  Index  nxfKm  die 


H 


Point  A,  and  dinefting  yoor  Sights  to  D,  dpaw  ti^e 
Line  A  D  •,  the  fame  Way  fceepiiftg  the  Edge  of  the 
Index  on  A,  dirt^  the  Sights  to  all  thetKher  Angiea 
of  the  Field  fucceffively,  and  drawnhe  Lines  AC, 
AF,  jfisfr,  then  T-eflKJW  the  TafbJe  to  4?he  othcrSldtfion 
B,  md  laying  the  Edge  of  the  Index  akmg  the  linie 
A^^  vom  vhe  1?afble  about'^tiU  you  can  thm^  the  9f^itt 
fee  the  wrf^r  Scation  A,  and  fixing  the  Table,  lay 
the  £^  of  «be  Index^  on  B,  and  dii^  the  Sights 
tO'&^^rfd  dnaw^thc  ii/inc  %D^  A«^hich  wHl 'interfttft 
aft  ih  ©  5  ifbe  feme  Way  keeping  Ac  Ed^  ^mhe 
Index,  ftill'on  the  Point  B,  diredt  the  Sights  to  afU  tte 
^othcp:  Angles  of  the  Field,  and  draw  the  Lines  BE, 
BF>-&fc  which  will  intcrfeft  the  former  Lines  drawn 
*  -  i  from 


I 
I 

I 


55*  0/  SURVEYING. 

from  A  in  thePointsE,  F,  G,  &c.  and joining>Ai 
Points  wiih  right  Lines,  you'll  have  the  Flut  of  ' 
Field,  and  the  Lines  D  E,  EF,  ^c.  taken  from 
fame  Scale  of  equal  Par:s  that  A  B  was  taken  froi 
will  give  the  Diftanccs  of  the  Angles  in  the  Fielil  fi 
one  another.  Laftly,  the  Area  of  tie  Field  bei 
thus  protraftcd,  .may  be  found  by  Frck  +.  cf  /&e 
Seahii. 

In  plotting  of  a  Field  at  two  Stations,  you  ought 
take  the  Stations  as  far  afunder  as  conveniently  yi 
can-,  for  the  nearer  they  ,irc  together,  the  more  Di 
gcr  there  is  of  conn  acting  an  Error,  0?  e  contra. 

To  plot  the  lame  by  the  Theodolite :  Having  fixed 
the  Inltrijment  in  one  of  the  Stations,  as  A,  turn  it 
about  'till  the  Needle  be  direiftly  over  the  Meridi; 
Line  of  the  Card  ;  then  turn  about  the  Index 'til! 
can  through  the  Sights  fee  the  other  Station  B, 
obferve  the  Bearing  of  it  from  the  Mirridian, 
meafure  the  Diftance   in  Chains  and  Links, 
which  fet  down  at  the  Mead  of  the  Field-Book,  thi 

AB  S  •)$"■•  23'  E 3  Chains  24  Links. 

Then  turn  the  Index  to  the  Angle  D,  and  obferve 
it's  Bearing  from  the  Meridian,    and  the  fame  Way 
turning  the  Index  to  all  the  Angles  of  the  Field, 
obferve  the  Bearing  of  each  of  them,  which  fet  dowa 
in  the  Field-Book  in  tlie  fecond  Column,  marked  at 
the  Top  thus,  Slalion  A.    Then  go  to  the  Station  B, 
and  fixing  your  Iniirument  as  before,  turn  the  Sighl 
to  the  Angle  D,  and  obferve  the  Bearing  of  it  troi 
the  Meridian,  and  the  fame  Way  turning  the  Sighl 
to  the  reft  of  the  Angles,  obferve  the  Bearing  of  c: 
of  them,  which  mark  down  in  another  Column 
your  Field-Book,  marked  at  the  Top  widi  StafioH 
and  your  Work  in  the  Field  is  finilhed-,  the  plotting 
gf  which  upon  Paper  is  foplain  and  eafy,  that  it  needs 
no  Example-  , 


fixed 
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y  this  Method  the  principal  Places  in  a  Survey  of 
iiunty,  or  any  large  Piece  of  Ground,  may  be  placed 
^a  Map,  'viz.  by  making  choice  of  two  Eminences 
for  your  two  Scacbns,  the  Diftance  between  which 
you  can  mcafure,  and  from  each  of  which  you  can 
fee  all  the  principal  Objcfts,  fuch  as  Churches,  Caftles^ 
fii/Zs,  Genlkmem  Seats,  and  whatever  eife  is  remark- 
able in  the  Ground  you  are  furveying. 

If  all  the  Angles  of  the  Field  can't  be  feen  ftt  two 
Stations,  then  make  choice  of  a  third,  from  whence 
you  can  fee  any  of  the  former  two,  and  the  Diftance 
between  which  you  can  meafure;  and  if  that  be  not 
fufficient,  then  ufe  a  fourth,  fifth,  i^c.  Station ;  by 
which  Means  you  will  always  have  two  Stations  to 
proceed  with  through  the  County  you  are  to  furvey, 
be  it  ever  fo  large;  and  even  in  a  Field,  where  you 
can  take  the  Survey  of  it  at  two  Stations  alone,  the 
chuQng  a  third  Station  from  whence  you  can  fee  one 
of  the  former  ones,  and  alfo  all  the  Angles  of  the 
Field,  and  thence  taking  the  Plot  of  it  as  before,  is 
I  fure  Way  of  proving  your  former  Work. 

Problem  5.  . 

Qi(0  plot  a  Field  by  going  round  ic. 

*t  the  Field  be  ABCDEF,  and  fuppofe  you  ax^ 
'ropJo:  it  by  the  Plane-Table:  Having  fixed  your^ 
loftfumei^t  at  any  of  the  Angles  of  t!ic  Field  as  A, 
maj]k  a  Point  upon  the  Paper  to  reprelent  ic  j  then. 
laying  the  Edge  of  the  Index  upon  A,  turn  it  about 
'tiW  through  the  Sights  you  can  lee  the  adjacent  Angle 
F}  ^d  along  the  Edge  of  the  Index  draw  the  Line- 
AF,  which  meafure  in  the  Field,  and  taking  that  from, 
any  Scale  of  equal  Parts,  fet  it  off  upon  the  Line  AF 
on  the  Table  from  A  to  F ;  then  move  your  Table 
from  A  10  F  in  the  Field,  and  fix  it  fo  as  the  Edge 
of  the  Index,  lying  on  the  Line  KA,  you  can  ihro* 
A  a  ^  the 


f 
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the  Sights  fee  the  Aagle  A,  and  laying  the  Edge  of 
the  Index  on  F,  turn 
it  about  'till  througli 
the  Sights  you  can 
lee  E,  and  draw 
the  Lific  FE,  which 
tneafure  in  the  field,, 
and  taking  it  from 
ihe  fame  Scale,  fet  it 
off  upon  the  Table 
from  F  to  E  :..  After 
the     fame     Manner 

proceeding  with  the  reft  of  the  Angles/  you  will 

have  the  Plot  of  the  Field. 

To  plot  the  fame  by  the  Theodolite.  Having 
placed  your  Inftrument  at  the  Corner  of  the  Field 
you  are  to  begin  from,  as  at  A,  fet  the  Index  at 
00  Deg.  oo  Min.  then  turn  the  Inltrument  ibMt,. 
with  that  Etid  of  the  Index  forward  (or  towaros  F) 
that  lies  upon  oo  Deg.  oo  Min.  'till  you  can  'thiougii- 
the  Sights  fee  the  Angle  F  -,  and  there  fixing  the  Im 
(Irunient,  turn  the  Index  about 'till  you  can  through 
the  Sights  fee  the  Corner  B,  and  mark  the  Degrees 
(in  your  Ficld-Book}  cut  by  the  Index,  which  will 
be  the  Meafure  of  the  Angle  FAB,  and  meaforc 
A  F,  in  Chains  and  Links,  which  alfo  mark  down- 
in  your  Ficld-Book ;  then  remove  your  Inftrument 
to  F,  and  placing  the  Index  upon  the  Beginning  of, 
the  liegrees  as  bctore,  turn  the  Inftrument  about  'tilf 
you  can  thro'  the  Sights  fee  the  Corner  A,"  and'  fix- 
ing the  Inftrument  there,  torn  the  Index  about 'tjll 
you  fee  thro'  the  Sights  the  Corner  E,  and  mark  tlhc 
Degrees  cut  by  the  Index  in  your  Ficld-Book,  which, 
will  be  the  Angle  AFE,  then  meafure  FE  in  CKaihs 
and  Links,  which  alfo  mark  down  in  your  Ficld- 
Book  i  the  Idme  Way  proceeding  with  the  reft  of  the 
4-  AogleSy 
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AngteSt  mark' down  the  Qp^ritity  of  each,  together 
ifoitfr  rhjb  piftance  from  the  pceceding,- in  your  field- 
Bo61c  -,  and  thence  you  may  projcft  it  at  Leifure  upon 
Paper.  ,  ■  ,  *       . 

This  Mfethod  pf  plotting  a  Field  by  going  round 
it>  is'inuch^  fcfs  liable  tp  Error  than  any  of  the  two 
formcr/^and  is  more  efpccially  ufcful  in  meafuring 
largi;  Filsldi^  or  Fields  upon  which  are  Woods,  or 
other  TTiijigs  to  obftruft  the  Sight,  in  which  Cafe 
the  otner  Methods  are  impradlicable* 


I  1*1 
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t;\K7^  have  (hewn  in  Seft.  XV.  how  to  find  the 
^y^  Solidity  of  feveral  Sorts  of  Bodies,  in  In- 
ches'or- Feet,,  6?^.  which  Solidity  (if  taken  in  In* 
ches)  divided  by  the  Inches  contained  in  a  Gallon, 
Boftel^  £s?c.  will  (hew  the  Numbi^r  pf  Gallons,  Bu* 
Ihds,  .£^r.  concained  in  the  Veflel. 

TFhcf  Number  of  folid  Inches  contained  in  a  Gallon, 
Bulhel,  G?r.  as  determined  by  Aft  of  Parliament,  is 
as  follows : 


A  Scots  Fine 


1.1 1 


282 


231 
268.8 


A  Gallon  of  Ale  or  Beer 
of  Wine 
:  of  Com  r  Of  J 

A  Bulhd  of  Malt  1  §  |  ^ '  5^.4  1 

of  Coals  \  <^  \  2246    I 

.3J 


J^CubicInchft 


J      I  X02.3 


* 


.    r  t 
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A  a  2 
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te.^-~.  ■   *- 


^  Of  G  A  U  G  I  i^  G. 
"  2.  In  Gauging,  the  Vel&ls  that  arc  not  cylindticl 
ar?  commonly  reduced  to  Cylinders,  and  iheir  Soli 
dities  found  as  fuch. 

A  Caji  hsving  different  Diameters  at  the  Head  ani 
Bui^,  IS  reduced  to  a  Cylinder,  by  taking  the  tneai 
or  equaced'Diameter  between  the  two  for  the  Diatni 
ter  of  the  Cylinder  equal  in  Length  and  Solidity  I 
the  propofed  Calk  -,  the  common  Method  for  findN 
iog  the  equated  Diameter,  and  which  ferves  prett 
■well  in  moll  Calks,  is  this,  viz.  Multiply  the  Dl 
ference  between  the  Head  and  Bung-diameters  by  .6; 
and  adding  the  Produ£t  to  the  Head-diameter,  t 
Sum  will  be  the  Diameter  of  a  Cylinder  of  eqi 
Length  and  Solidity  with  the  Caflc. 

Hence  we  have  the  following  Kule  for  Bnding 
Content  of  any  Calk  in  IVine,  Beer,  &c.  the  Head 
and  Bung-diameter,  and  Length  of  the  Caflc  being 
given  in  Inches  -,    viz.   Find  the  equated  DiaqQUe^ 
b'etv/een  the  Head  and  Bung-diameters  of  the  Cafl^ 
and  thence  find  the  Area  of  the  Circle  belonging  ^ 
that  Diameter ;  then  multiply  this  Area  by  tlie  Lcngj 
of  the  Cafk,  and  the  Produd  will  be  the  So]i4itx,<^ 
the  Calk  in  Inches,  which  divided  by  thefolid  Ipchc? 
contained  in  a  Gallon  of  Wine,  Beer,  ^c.  will  mve 
the  Content  of  the  CafV  in  Wine,  Beer,  ^c'  ',  ,. 


Exompie. 

Let  it  be  required  to  find  the  Content  of  the  Cafk 
AEDB  in  Wine  Gallons,  whofe  Hcad-diameicr 
AE  or  BD  is  26  Inches,  the  Bung-diamcier  !■  C 
34  Inches,  and  the  Length  G  H  55  Inches. 

The  Difference  between  the  Head  and  Bung-dia- 
meters is  8,  which  muhipiied  by  .6^,  gives  5.2,  and 
this  added  to  26,  the  Head- diameter,  makes  31. a  for 
the  equated  Diameter,  or  Diameter  of  the' Cylinder 
5  ■  equal 


equal  in  Length  and  Solidity  with  the  propofed  Calk, 
Uie  Area  of  whofc  ».- 

Bareis  764.539776, 
which  multiplied 
into  55  the  Length, 
gives  42049. 6876S 
tor  the  Solidity  in 
Inches  1  and  this 
divided  by  231,  the 
iblid  Inches  con- 
tained in  a  Gallon 
of  Wine,  gives 
182.03328  for  [he  Content  of  the  propofed  Call:  in 
Wine  Gallons. 

3,  If  the  propofed  Calk  be  (landing  with  it's  Axi.s 
perpendicular  to  the  Horizon,  and  is  not  quite  full 
of  Liquor,  then  in  order  to  find  the  Contents  of  the 
contained  Liquor,  you  muft  find  the  equated  Diame- 
ter, as  above,  and  thence  the  Area  of  the  Safe  of  the 
Cylinder,  the  Caik  is  reduced  to  1  which  multiplied 
.  into  the  Depth  of  the  Liqiior,  will  give  the  folid  Con- 
tent of  the  contained  Liquor  in  Inches,  and  this  di- 
vided by  the  Inches  in  a  Gallon  of  Wine,  Beer,  i^c. 
according  to  the  Liquor  contained,  will  give  the  Con- 
tents of  the  Liquor  in  the  Calk. 

This  Rule  more  efpecially  lerves  when  the  Calk  is 
more  than  half  full  of  Liquor;  but  when  it  is  Icfs 
than  half  full,  then  the  Content  of  the  contained 
Liquor  is  better  found  by  fubtraifting  the  Content  of 
the  empty  Part  of  the  Calk  (found  as  above)  from 
the  Content  of  the  whole,   and  the  Remainder  will 

[he  Content  of  the  contained  Liquor. 

In  Gauging,  by  the  Area  of  any  Surface  in 
'wine,  feff.  Gallons,  is  meant  the  Content  of  it  at 
one  Inch  Depth  ;  Confequendy  the  Area  of  a  Cir- 
cle one  Inch  Diameter  being  .7854,  this  divided  by 
A  a  3  282, 


hi 


I 

■ 

I 
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l82,wiU  give  .001785  for  the  Concent  of  that  CireJe 
one  Inch  Depth  in  Ale  or  Beer  GaUons,  and  the  fai 
divided  bv  231  will  give  .0034  for  ii's  Contenc 
Wine  Gallons  i  and  fincc  Circles  are  to  one  anot! 
as  the  Squares  of  their  Diamcrers  ;   therefore.  As 
the  Square  of  one  Diamercr,  is  to  .003  4.  or  .002785, 
the  Area  of  that  Circle  in  Wine  or  Ale  Gallons;  So  i| 
thft  Square  of  the  Diameter  of  any  other  Circle,  toi! 
Area  of  that  Circle  in  Wine  or  Ale  Gallons  :  Heni 
lince  the  lirft  Term  of  the  Proportion  is  Unity, 
follows  that  the  Area  of  any  Circle  in  Wine  or  Ali 
Gallons,  is  found  by  multiplying  the  Square  of  theDi' 
ameter  by  .0034  for  Wine  Gallons,  and  by  .002783 
foi"  Ale  Gallons,    and  this  Area  nnultiplied  into  the 
Length  of  ihc  Cafk  lo  which  the  Circle  belongs,  will 
give  the  Content  of  the  Cafk  in  Wine  or  Ale  Gallons; 
and  hence  the  two  Numbers  .0034  and  .002785  an 
called  Fixi  Multipliers.  ; 

Again,  If  1  be  divided  by  the  former  Number^ 
.0034  and  .002785,  there  will  be  produced  their  Sfe 
ciprpcali  294,  t  a,  and  359,  with  the  firft  of  whic" 
dividing  the  Square  of  the  Diameter  of  any  Circl 
the  Quotient  will  be  the  Area  of  that  Circle  in  Wii 
Gallons  s  and  if  the  fame  be  divided  by  the  laft,  the' 
Qiibtient  will  be  the  Area  of  that  Circle  in  Ale  GaU 
ions-,  hence  thcfe  two  Numbers  294.12  and  359  are 
called  lixt  Dtvifirs,  and  in  Practice  are  commonly 
jnade  ufr  of  by  Gaugers.  ■  ■  ^ 

5.  When  a  Ccfi  is  lying  upon  it's  Side,  with  the 
Axis  parallel  to  the  Horizon,  and  Is  not  full,  but 
the  Surface  of  the  contained  Liquor  cuts  the  Head) 
of  the  Calk,  then  to  find  the  Contents  of  the  Li- 
quor contained  in  the  Cafk,  we  mull  lirft  know  how 
to  find  the  Area  of  any  Segment  of  a  given  Circle : 
In  order  to  which, 

,  Let  A-E,Ji  H  reprefent  a  Circle,  whofe  DiatBetcr 
AB  is  2;  ^then  [by  Cer.  i.  Art.  2.  Sm.  XV.j  the 
pircumfcTcnce  of  that  Circle  will  be  6.2S32,  and  tho 
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A«St*3'.*4M^  Ct*y  ^''»*-  ^-  5fff-XV.)  HenteMs  evi- 
dtot,  thac  if  the  Diameter  of  a  Circle  be  two  Inches  or 
Feet,  &?f.  the  Circumference  of  that  Circle  will  con- 
tain twice  as  many  Inches  or 
FecE,,  iSt.  in  Length,  as  the 
Area  of  it  contains  fquare 
Ihches  or  Feer,  (ic.  \.  e.  the  ^A 
liength  of  the  Circumference  ,  [_ 
'fc  dOiible  liic  Area;  and  fince  ' 
file  Area  of  the  whole  Circle, 
is'  to  the  Area  of  any  Scftor 
of 'ic,  as  the  Length  of  the 
whole  Circumference,  to  the 
liCTigthof  the  Arch  of  that  Seftor  i  it  follows,  that 
the  Length  of  half  the  Arch  of  any  Sector  of  a  Circle 
Whofc  Diameter  is  2,  is  equal  to  the  Area  of  that 
Seftor,  So  in  the  annexed  Scheme  the  Length  of 
DE,  half  the  Arch  of  the  Sector  DCFE  will  be 
the -Area  of  that  Seftor. 

In  the  annexed  Scheme,  fuppofc  GE  (the  verfed 
Sine  of  half  the  Arch  of  the  Seftor  DCFE)  to  be 
equal  to  .4;  then  fince  the  Radius  CE  is  i,  'tis 
evident  CG  (the  right  Sine  of  DA,  the  Complement 
of  DE  half  the  Arch  of  the  Seftor)  will  be  equal 
10  .6",  fo  making  it  as  1  is  to  .6,  or  (to  avoid  Frac- 
tions) as  ICO  is  to  60,  fo  is  the  Radius  of  the  Ta- 
bles 10  a  fourth  Number-,  this  will  be  the  Sine  6f 
A  D,  and  looking  into  the  Table,  we  fhall  find  it  an- 
fwer  to  36.87  Degrees;  the  Complement  of  which, 
TOZ.  53.13  Degrees,  is  the  Arch  D  E  ;  which  multi- 
plied by  ,017453,  tl'^  r^,,^- of  6. 2 S3 2,  gives  .92727789 
for  the  Length  of  the  Arch  D  E,  which  is  equal  to 
the  Area  of  the  Seftor  DEFC. 

Again,  In  the  right-angled  Triangle  C  G  D,  'tis 
evident  (by  Cor.  1.  Art.  70.  ^eEt.  I.)  if  from  i,  the 
Square  of  CD,  we  take  ,36,  the  Square  of  CG,  there 
will  remain  .64,  the  Square  of  DG,  the  Square  Root 
of  whkh,  yiz.  .S,  is  equal  to  DG,  and  this  :!oub!ed 
iJ''A  A  a  4  gives 


I 
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gives  1.6,  equal  10  DF,  which  multiplied  into  .3,  the 
half  of  CG,  produces  4S  for  the  Area  of  the  Triangle 
DCF.  Thru  from  .92727789,  for  the  Area  of  the 
Sector  DOPE,  taking  .48,  the  Area  of  the  Triangle 
DCF,  there  will  remain  .44727789  for  the  Area  of 
the  Segment  DEED;  and  this  taken  from  3.1416, 
the  Area  of  the  whole  Circle,  there  wil!  remaitl 
2,69432211  for  the  Area  of  the  other  Segment 
D  H  F  D,  whofe  vcrfed  Sine  is  1.6. 

After  the  fame  Manner,  by  dividing  the  Diameter 
of  the  Circle,  viz.  2,  into  100,  or  any  other  Num- 
ber of  equal  Parts,  we  may  find  the  Area  of  the  Seg- 
ment anfwering  to  each  verfed  Sine. 

Having  by  the  foregoing  Method  found  the  Arc| 
of  a  Segment  belonging  to  any  verfed  Sine  in  th^  " 
Circle,  whofe  Diameter  is  2,  and  Area  3.1416,  wl 
may  find  the  Area  of  the  fimilar  Segment  in  any  othq 
Circle  by  ihe  following  Analogy,  viz. 

As  the  Area  of  that  Circle  whofe  Diameter  is  a 
viz,  3. 141 6,  is  to  the  Segment  belonging  to  any  Pail 
of  it's  Diameter,  So  is  the  Area  of  any  other  Circlfl 
to  the  Segment  belonging  to  the  like  Part  of  il 
Diameter. 

And  hence  arifes  the  Conftruflion  of  the  foUoi 
tng  Table. 
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{"a  B  L  E  of  the  Segments  ef  a  Circle, 


e  Area  H  J 


I  Ibe  Diameter.,   viz.  1.128378,  ^««^  divided  //*»  | 
100  equal  Parts. 


V. 

,0017 

V. 

,1516 

V. 

5/£«. 

V. 
6i 

.6389 

V. 
81 

Sep.. 

4' 

,3S6o 

Mr? 

,0048 

iz 

,1631 

+z 

,3986 

62 

,6514 

82 

,87,6 

,0087 

*3 

.1738 

« 

,4112 

'3 

.6636 

83 

.8375 

.o'34 

24 

.'84s 

44 

,4«ja 

64 

.'7S9 

84 

,Sy68 

.0187 

25 

''955 

43 

.43liS 

6S 

,6881 

Ji 

.9"S9 

~~6 

,024.; 

26 

,3066 

46 

.449' 

66 

,7002 

86 

.9149 

,0308 

27 

,2178 

47 

.46  IS 

67 

.712* 

87 

.9236 

'°37S 

28 

,2192 

4«  .474!  1 

68 

.714' 

88 

.93-0 

.0446 

29 

,2407 

49 

.4B73 

69 

,7360 

89 

,9402 

-T, 

,0598 

12 

3" 

.25i3 

,2640 

12 
SI 

,5000 
,51/7 

Z2 

2477 
.7S93 

go 
91 

,9480 

.9)>4 

,0680 

32 

.VS9 

S^ 

.S'S! 

7« 

.7708 

9^ 

,962s 

,0764 

33 

,2878 

S3 

.S38« 

73 

.7822 

93 

,9692 

,085. 

34 

,!99S 

S4 

.SS09 

74 

.7934 

94 

.9753 

.094' 

35 

■iil» 

li 

iiSj 

a 

.8045 

11 

.9813 

~i6 

,1031 

36 

.3241 

S6 

.57'« 

76 

.«|>s 

96 

,9866 

,1127 

37 

.336+ 

57 

,5888 

,8262 

97 

.9913 

,iiH 

38 

,3+36 

S» 

,60.4 

78 

.8369 

98 

.995  2 

'9 

.1323 

39 

.36.. 

i" 

,6140 

79 

.8474 

,  99 

.9983 

,14H 

if 

.373S 

.6265 

,8j76 

100 

1 ,0000 

In  this  Table  you  may  obferve,  that  the  Columns 
marked  at  the  Top  with  V,  contain  the  vcrfed  Sines, 
proceeding  from  i  to  100,  and  th^  adjacent  Columns 
contain  the  Areas  of  the  Segments  belonging  lo  thefe 
verfed  Sines. 

By  this  Table  the  Content  of  tlie  Liquor  contained 
in  a  Calk  not  full,  lying  with  it's  Axis  parallel  to 
ihe  Horizon,  and  the  contained  Liquor  cutting  the 
Heads  of  the  Calk,  may  be  found  after  the  follow- 
ing Manner,  viz. 

To  the  wet  Inches  of  the  Bung-diameter,  add  a 
competent  Number  of  Cyphers,  and  divide  this  by 

the 
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tbp  whole  Diameter;  then  feek  for  the  Qpotietit  _ 
tbcXolumns  marked  V  at.the  Top- in  the  preceaih^ 
Tablf,  and  oppofite  to  tbis  in  tlie  ndjacent  Coluoan, 
you"U  find  the  Area  of  a  Segment,  which  multipiy 
iaw  ibe  whole  Content  of  the  Cafk,  and  the  Produft 
is.  the  Content  of  the  Liquor  in  the  Calk.  If  iniVeadi 
ofthe  wet  Inches  we  had  ufed  the  dry,  then  the  taflj 
Ejyj^H^  would  have  , been  the  Contcni  of  the  empt] 
F^C  of  the  Calk,  which  is  called  the  UlL^e. 


Example. 


Suppofc  a  Cafk  lying  with  it's  Axis  parallel  td"th# 
HoTizon,  has  a  certain  Quantity  of  Wine  in  it,  the 
Bung-diamcter  is  32  Inches,  the  Head-diamctcr  zS, 
the  Length  48,  and  the  wet  Inches  20 1  required  the 
CtM^tent  of  the  Limtor.  ^  -_. 

_.'^  the  wet  IncW20,  T  add  a  NTumber  of ' Cvr, 
I^r^and  dividing  it  by  32,  t  find  iheQ^Lioticnt  ,66,' 
which  I  look  for  in  the  Tj,ble,  :ind  find  it  anfwcr  to'" 
tW  Srgncnt  .7002,  which  multiplied  by  1^2.8,,  the, 
wTflMC'Gontcnt  of  the  Cafk  in  Wine  Gallons  (found 
by'v^/.  2.  of  this  .^tv7.}  gives  107  for  the  Content 
ofTtini  LiqiTOr  in  the  Cafk,  in  Wine  Gallons. 

6.  Malt  when  lying  on  a  Floor,  is  gauged  by  tak- 
ing the  Depth  of  it  in  Inches,  in  feveral  Places,  and 
dividing  the  Sum  of  thefe  Depths  by  the  Number  of 
them,  the  Qiiotient  will  be  the  mean  Depth  1  which 
multiplied  into  the  Area  of  the  Surface  gives  the 
Content  in  Inches  ;  and  this  divided  by  2 1 50.4,  gives 
ihc  Conrcni  in  Buthels. 

.  7.  Solid  Timber  is  meafured  by  the  folid  Foot, 
each  containing  1728  Cubic  Inches  j  the  common 
Way  is  this,  viz.  girth  the  Tree  in  feveral  Places, 
and  take  i  of  the  mean  Girth  in  Inches,  for  the 
fiide  of  a  Square ;  which  Square  multiply  into  the 
Length 
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Length,  of  ihe  Tree,  and  the  Pfodud  will  be  the 
Spliaity  in  Ihchcs,  ahd  this  divided  by  172$,  will 
give  the  Solidity,  of  the  Tree  in  Feet.  - 

8;  The  SoKdity  of  hrepular  Bodies  may  be  found 
exaftly,  after  the  following  Method,  te'z.  Let  the 
Body  be  immerfcd  in  Water  in  a  Paralleliped,  whofe 
Sides  are  exaftly  divided  into  Inches,  and  the  Solidity, 
of  the  Water  r^ifed  will  Be  equal  to  the  Solidity  6f 
the  immerfcd  Body. 

9.  The  common  Rule  for  finding  the  Tunnage  of 
a  Ship  is  as  follows : 

Multiply  the  Length  of  tHe  Keel  by  the  Breadth, 
and  the  Produft  by  half  the  Breadth;  then  divide 
this  laft  Produ6l  by  95,  ahd  the  Quotient  will  give 
the  T-unrtage, 

Example. 

Suppofe  a  Ship's  Keel  is  135  Feet,  and  her  Breaddi, 
from  put  tp  out,  48  Feet ;  requiredthe  Tunnagcitf 
that  Ship. 

The  Length  of  the  Keel,  viz.  135,  multiplied  in- 
to the  breadth  48,  produces  6480,  and  this  multi[d!ed 
into  24,  half  the  Breadth,  gives  155520,  which  laft 
divided  by  ^^^^  the  Quotienc  is  1637,  the  Tunnage 
pf  the  prppofed  Ship,  > 
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^^H      4  1  i^shz  cf  ibaLatiiudeiand Leti^ititsef  Jhmeg^^ 

^^H          tiemnfi  prmipul  Harhurs,  ITetf^ndi,  axd ^m^^M 

^^B        \iv  the  mjl  frequented  Parts  af  the  U^orld,  the  Z.0S^^H 

^^^P       ^ 'tudt  beitig  comted  from  the  Meridittit  of  Londok^^^I 

^^H                  Places  Names. 

Lat. 

Long. 

r 

^^          The  Coatt  of  England. 

D.   M. 

D.    M, 

DERWICK      —      — 
^_          J->  ficiscaftk    ■    —       — 

55     50 

01     39 

w 

5+    5> 

01     30 

w 

^B        Bairhrmgh          —         — 

54     «o 

01     2b 

w 

^H        Smklon      —      —        — 

54     33 

01     25 

w 

^^          ftanborough-head      —     — 

54    -08 

01     11 

E 

7'itrmoutb       —      —       — 

52     45 

01     40 

t' 

Ipfwich     —         —         — 

52      14 

01    oa 

^       1 

i:iikbejier       —       —       ^ 
LONDON        —       — 
Thf  Do-jxs      —        

52     04 

00    58 

"^ 

5>     32 
5"     25 

^ 

00    00 

0,    li' 

4 

Vfvr          

5>      "5 

01     iS 

E'-^ 

,                Beachy          

50     4S 

c 

01       2J 

TKT 

1                Pfrtfmoutb — 

50     48 

oi     bo 

W 

Itat^tiiuutb      ■ 

50     27 

Z 

03     36 

VF 

■Pt/miUb        ■ .      

50     36 

c 

04    13 

Vf 

laord 

Bripl           ■ 

50  00 

51  32 

3- 

05     H 

w 

02     35 

Lherpos!        — 

53     20 

03     10 

w 

tVhilebavsn       —         ■ 

54  10 

55  53 

03  50 

04  05' 

w 

1 

^K           The  Coaft  of  Scetknd. 

^K       G4ifrot!>        ■ 

^■.     Aierdim        

57     24 

<='     3T 

^9 

^H      Lath          

56     00 

o2     5S 

^H 

^H       St.Kitda       ■ 

58      02 

01     05 

^^ 

'                Cat-Nifs        

58     47 

02    06 

w     • 

Btti-han-Nefj      — 

57    55 

01     20 

w 

^^        Orhry  I/les       —        

59     "31 

°3    32 

i 
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CoaA  0f  Irthndi, 


ZjoitdoiuleTTy 

Cape  Clear 

LambOjf 

DubHn 


4»-«p< 
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Hamiurgb 

Bremen 

The  Texel 

Amfierdam 

Rotterdam 

Dunkirk 

Calais 


'^ 
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7^/& 

Rdebelle 
B^ritaux 
Bittoa 
Pma  Port 

Cadiz 


■f^ 


Mdita 


m-^im^mm 
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Lat. 


55- 

54 

51 

51 

53 

53 


05 
J6 

45 
10 

24 
12 


52 

41 

53 

50 

53 

10 

5a 

21 

51 

55 

51 

M- 

50 

5-7 

Coaft  on  the  inain  Contincfnt 
within  the  Stmits^  and  bn . 
;thc  Coafl;  bf  Spiin,  &a 


Cihrdtar      •- 

Bsheehna     1- 
Mar&illes     i- 


49 

49 
46 

44 

43 
40 

36 


36 
26 

Id 

'55 
39 
52 
26 


o 


07  30 

06    55 


10 

04 

(94 
~04 

02 
l-OI 


45 

00, 
5^ 

21 


•ao£ 


55 


:\ 


E 
E 
E 
E 
E 


S 


-...-■,  V, 


Nj* 


._:.. 


02 
©2 

01 
00 

07 
06 


4P. 

(1-5 
00 

50 
28 


36 
t-]36 
41 
43 
43 


t 


II 

50 
26 

.26 


w 


^05 
03 

02 


26' 


E; 

o'5  "tiofE:' 


^^■^^ 

[  366  }                        ^^1 

^^P                   Places  Names. 

La,, 
D.    M.j 

Long 

Ta 

u.   M 

i-S 

^^H         Genoa       —        — 
^^H         Leghorn       —         — 

z 

44     27 
43     "8 

09    06  ^H 

10    44^1 

^^m        Rome        —        — 

— 

4"     5' 

'3     <4^H 

^T         Naples            — 

41     95 

15     4< 

4*^ 

'                  Gallipoli        — 

— 

40     08 

2.8     42 

|e~ 

Venice        —         — 

. — 

45     iS 

a  12    40IE 

ConJiant'tKopk        • — 

— 

41     07 

^3'     45 
J   27     20 

E,^^ 

1                  Smyrna        —         — 

— 

38     28 

^^H 

Scanderocn          — 

— 

36     00 

=   35     58 

^^H 

•Tripli        —        — 

— 

34    40 

?•  35     4* 

^^H 

jfUxandria        — 

— 

31      07 

33     00 

^^H 

jilgier        —         — 

— 

36     40 

03    OS 

^1 

^^        Co^  of  Barbary  and 

Gut- 

^1 

^H                        nea,  &c. 

M 

^^         SaUee        —        — 

_ 

33     43 

06    30 

1                Cape  de  Verde        — 



14     30 

16     26 

w 

River  Gambia      • — 

. — 

13     16 

15    20 

w 

Monferado         — 

— 

06    05 

09    20 

w 

Cape  Cores            — 

— 

04    40 

03    10 

E 

Cape  Formcfa        — 
River  Congo        — 



04    40 

oS     00 

E''^     ] 

°5    45    (, 

r.  '5     27 

S^^l 

Angola         —         — 

— 

01     51    ■ 

^'5    56 

g^^H 

Cape  St.  Thomas      — 

— 

23     lo    Ei 

"  H    23 
17    00 

S^^l 

^K        Cape  of  Good  Hope    — 

— 

34     15    " 

w 

^P  •              Wcftcrn  jnands.           | 

40    05 

3'     55 

Cer-uo        —         — 

_ 

Fyal         —         — 

— 

39    32    1 

31     52 

w 

Pico        —          — 

— 

38     45     1 

28    34 

w 

Griatiofa             — 

— 

39    30    f 

37    50    K 

23     15 

iV- 

St,  Michael           — 

— 

24    5»  ' 

*n'. 

St.  Marys          — 

— 

37    00    ■ 

22     17  W 

Porto  San£fo        — 

— 

32     45 

16    05  W. 

Madeira,  Weft  End 

m 

32     80 

•7     3°W     . 

.      .f36?3 

9  ;  '^.Tlices  Nimiis.^ 

Lat. 

">  ? 

16     10 

0 

D."*;*'. 

P 

rwrif      '-.    —    — 

W    so 

^ 

Ctnary     ,  T-         —         — 

27    40 

Sti  JltioniO: .      —            -^ 

.17    20 

24     50 

Fo^i      :  -^         —        — 

15    00 

24     OS 

7«<..-     -■     -        - 

15    10 

23     30 

,  i 

Stilma.     _       —       _ 

17    20 

24     00 

SKNicbakt        —          — 

17     12 

23     30 

St.VinceTit        ^            — 

17     JO 

24     20 

^)«^»        —      —      — 

17     30 

60     40 

Barbi^iiis           —     :     — 

■3     3° 

j8     10 

Seriada      —        —      — 

■7    58 

Co    40 

St.'.Cntz        —      —  ■  — 

18    00 

z 

63     25 

Coaft  of  Carolina,  Virgma, 

1 

Marylandy  &c. 

32    40 

r 

78     50 

CbarUi  tewnoa  Ajblt^  River 

? 

OatHany        —         — 

37    00 

K 

74     2J 

5^ 

SgebHk        —    .-      - 

47     "5 
41     00 

1 

6S     10 

S<,gm       -4-    ;  -      - 

42     35 

6S,  ,50 

trinity  Bay         —           — 

48     27 

52. '15 

Cmj  Si.  Mar)       —      -, 

47     "0 

53'  »0 

47    57 

53    00 

Cap  Charles  :    '    —          — 

37     '4 

74     15 

St. Jobi^s  Harbour.   —    — 

47     28 

51     23 

"^■' 

Coaft  of  Hudfon's-Bay  and 

the  Straits. 

55    03 

7»-  56 

Cape  Jems        —            — 

All>iiiiy  River     -  —  ■  .'^ — 

5.     16 

79"-  4+ 

■ 

Shark  Point        —           — 

64    27 

8}     16 

Muttti/s  IJk         —     .  — 

60    05 

6S-.50 

Cuti  Ctarlct     ■  -'.     .  — 

62    3S- 

74    S* 

tmHtUm  ■:    ,—    .  — 

67     It) 

9«;# 

■,;v;.:  '4       .-     ." 

- 

-  ■' 

i\     ,A< 

«&i 

[  36S  ) 


PIjccs  Names. 

Lat. 

Long. 

0 

D. 

M. 

D- 

M. 

? 

Coaft:    of    JmtrUa   in 
Seath  Sea. 

th« 

42 

40 

2 

129 

40 

1 

Cape  St.  Sebaftian      — 

~z. 

1 

Panama       —       — 

— 

08 

56 

82 

19 

Aqtmpuko        

— 

'5 

27 

r 

lOI 

1 

Cape  St.  LtieJa        — 

~~ 

23 

25 

- 

III 

C^e  del  Jjugo       — 

16 

38 

8S 

50 

J 

jlrica         —         — 

— 

18 

12 

74 

°7 

J 

Baldifvia            — 

— 

39 

35 

8i 

18 

1 

Cape  Vmsry          — 

— 

52 

15 

tn 

82 

S6 

1 

Cape  Horn          — 

— 

57 
48 

58 

% 

r 

c 

79 

44 

1 

Coaft  of  Brazil  in  S.  America 

J 

40 

7+ 

J2 

River  'JuUan         — 



1 

Cape  Blanco         — 



+6 

5° 

C- 

72 

05 

St.  Katherine's  Ifie    — 

— 

28 

00 

47 

SO 

Cape  Frio          — 

— 

%i 

10 

42 

5« 

Cape  Roque          — 

— 

0-; 

00 

- 

35 

5» 

Coaft  on  the  main  Conti 

lent 

in  the  IVeJi  Indies. 

01 

05 

5^ 

49. 
56 
75 
93 

55 

a 

North  Cape          — 

~z. 

Surinam       —         — 

_ 

06 

00 

0 

Carthagcna         — 

— 

iO 

5° 

s- 

44 
50 
05 

Campeaehy         — 
Porto  Bello            — 

— 

■9 

20 

r 

09 

55 

80 

'5 

22 

La  Vera  Cruz        — 

— 

■9 

'5 

E 

100 

Cape  Florida         — 

— 

H 

48 

rt" 

8> 

55 

Southern  Iflands. 

07 

40 

S 

14 

50 

Afca^ion            — 

_ 

St.  Helena           _ 



16 

06 

s 

06 

30 

St.  Miitibew's        ~ 

z 

01 

_+o 

s 

N 

07 

-53 

Princeps            • — 

01 

15 

09 

03 

E 

St.  Thomas           — 

— 

00 

00 

08 

00 

E 

Anmbona          — 

— 

01 

°5 

S 

07 

30 

"i. 

^^F        [  369  ] 

'  "M 

places  Names. 

Lat. 

y 

F 

Long. 

p 

Coaft  of  the  Eaft  Indies. 

D. 

M. 

D. 

M. 

-Mofmnhiqiie          —          — 

■5 

05 

40 

30 

River  de  Fugos       —       — 
Cape  de  Bajfus       —         — 

00 

00 

- 

41 

_J5 

04 

00 

44 

50 

Surat         —         —         — 

21 

08 

73 

25 

Siam  Entrance         —       — 

■3 

10 

■z 

lOr 

01 

Coa         —          —          — 

15 

30 

^ 

IS 

5° 

Fort  St.  George         —      — 

13 

08 

p 

81 

34 

Dew  Point         —            — 

>5 

50 

81 

50 

Bengal  ,      _         ~       — 

22 

i? 

c 

9' 

49 

; 

Malacca       —       —       ^- 

23 

32 

a. 

>05 

05 

Camhodia          — 

10 

30 

104 

20 

Nanqain       —        —       — 

ii_ 

55 

N 
S 

"9 

3° 

3 

inands  in  the  Eaji  Indies. 

12 
03 

27 
42 

52 
52 
105 
106 

3B 
20 

Mdeleur        —       —       — 
Jlmircant  Jfles,ihtZ^^CTmo9(. 

Smlam  in  Javes     —     — 

Batavia       —        —       — 

Babdmandel,  in  the  Mouth  7 

oUhz  Red  Sm           ~\ 

05 
05 

37 
47 

S 

s 

II 
27 

12 

25 

N 

45 

45 

=;■ 

Borneo         —         —       — 

Good  Fortune        —         — 

04 
01 

20 
28 

S 

s 

109 
97 
"3 
135 
126 

70 

1 

Java,  Eaft  End           ■ 

06 

20 

s 

37 
35 
50 

Japan,  S.  Eaft  Point        — 
S.  Weft  Point      — 

34 
35 

30 
20 

N 
N 

Joanna      —         —         — 

12 

10 

S 

41 
i°5 
54 

20 

Princes  JJk         —         

Zocatra       —         —       — - 

05 

12 

47 
28 

s 

N 

II 

20 

Madagafcar,     South   Er^dl 
of  St.  Sebajiian          —  j 

25 

32 

S 

74 

'5 

,    Coaft  of  the  Sound  and  Bal 

tick  Sea. 

57 

33 

N 

12 

25 

Gottenburgh         '• —           — 
^Cbriftiana        —       —     — 

59 

10 

N 

09 

45 

Wk.                  [A'>] 

jj^ 

^^^^^^vn 

'^^^^H 

^^^T                              1370} 

^^^H 

■  Wac«s  Names. 

Lat.    , 

Long. 

D. 

M. 

D.    M 

E^re      _         —       — 

56 

OG 

12     32 

Cipenht^gen      —      —      — 

55 

411 

12     30 

Siockhclm         —          

59 

20 

1 8     25 

'                ryhurs;b        -      -      - 

60 

20 

29     26 

^K       fiwjl.urgb         —        

59 

24 

29     50 

■     ^i"  ,  -      -      - 

56 

50 

24     50 

^^H        Comtlgjherg         —-        

55 

oc 

20     13 

^H        SmlSik 

54 

22 

19     10 

^0t       Seav}          

57 

2t 

10     J4 

Coaftfrom  iht  Naze  oi Nor- 

way to  ArchaJtgd. 

57 

5°    ' 

2 

!    07      22 

Naze  L-f  Norway           

Drinliti         

64 

00        = 

^    10      40 

Narlb  Cope        — 

Sllkdlo«J         —            

7' 

as  E 

22       IP 

62 

10  : 

■   04-      38 

JG/jay«         ^^— 

69 

32  1 

.30       12 

«. 

Archangel-Bar         —  •  — 

64 

30  • 

40      30 
36       10 

s 

^^          Crofs  IJland          —          — 

6S 

i< 

^K         Coaft  of  Northern  Ifiands, 

^P             Nko  ZeniUa,  IciUxi,  and 

GrwUa-^d. 

74 

35 

iS     fi 

Bear  Ip          —           

Hepeljk      —      —       — 

76 

'3 

21        44 

Catfncfe      _        _        _ 

65 

44 

33     »3 

Flint  Llekeiil        —         — 

76 

40 

.6    2I 

Horit  Seiittd         —           — 

77 

i° 

»3     56 

Grim  Ijknd        —          — 

66 

43 

17     45 

Whales  Back         —          — 

65 

27 

10     05 
14    la 

■      ,       Sami  Royal         —         — 

66 

20 

T      A      B      L      E 


O  F 


L  O  G  J  R  I  r  H  M  S, 


Vox.  Numbers  increarmg  in  their  Natural 
-     Order  from  Unitv  to  10,000* 


B  b 


<w  V      '  r 


^^5^ 

^ATalle  of  Logarithms. 

■ 

1 

JC^     L.,.^r.    , 

N.      L^s^r. 

N.    1  L„s^r. 

N. 

L^^. 

46 

&CJ27& 

9' 

9S904 

«3& 

*-'33S4 

2 

0.30J03 

67210 

92 

96373 

37 

2.I307J 

3 

0.477 'J 

48 

68124 

91 

96B48 

38 

...3983 

4 

o,6o7o5 

49 

69020 

94 

97313 

39 

1. 14301 

5 
6 

0.69897 

69897 

9) 
96 

9777^ 

t    4' 

1-14613 

0.77S1! 

707S7 

98217 

1.14912 

7 

0.S4S10 

52 

71600 

97 

98677 

t     4^ 

2.15229 

^^^1 

8 

0.90509 

S3 

714^8 

98 

99 '23 

1     ^^ 

^■'J534 

9 

0.95424 

54 

73*39 

99 

99564 

1     44 

».i;li36 

^^H 

1.00000 

IS 

7403'J 

coooo 

'     45 

2.16.5; 

77 

1.04139 

50 

74819 

lOI 

00432 

:    46 

2.16433 

13 

1.079,8 

7SS87 

ooBoo 

47 

2.16732 

M 

"■"394 

5^ 

7^-343 

03 

01284 

1     48 

2.i7<la6 

•4 

i.i+Oi? 

i^ 

77085 

04 

01703 

49 

2.17319 

i6 

i.i;6(-9 

60 
61 

7781^ 

o? 

02119 

:     S' 

2.1760, 

1.204.2 

78533 

02533 

2.17II98 

^^^1 

'7 

1.IJ045 

62 

79*39 

07 

oj93d 

S» 

2.18184 

■S 

1.15527 

63 

79*^3  + 

08 

0334^ 

53 

2.1S469 

'9 

..2:B7S 

64 

8o(Ji8 

09 

03743 

54 

!fF 

I.J01O, 

65 
66 

81Z91 
819"?; 

!f 

04' 39 

55 

J.jjzz: 

04532 

56 

*. 19312 

11 

i-34H^ 

67 

82607 

12 

04922 

57 

2.19590 

^3 

'.36.73 

6B 

iKV 

13 

05308 

S8 

2.19864 

^— 

a4 

..j8o=. 

69 

S3885 

'4 

05690 

S9 

2.10.4a  fl 

_li 

1.^9791 

70 

S4!-o 

15 

06071 

60 

'.>t>4iiH 

26 

1.4149^ 

7' 

85126 

~76 

06446 

61 

2.20b84H 

*7 

1.43136 

7^ 

85733 

17 

06819 

62 

2.20953« 

28 

1.447 '6 

73 

S9332 

US 

07188 

63 

2.21  2T9H 

29 

1.4624= 

74 

86923 

19 

WS5S 

64 

>..i4i» 

no 

1.47712 

7'; 

87506 

079.8 

65 

2-ZI74S    V 

3' 

...9i3t, 

76 

8;^oBi 

~7r 

08279 

66 

2.ZIOI1 

3= 

1.5051; 

8ti64q 

12 

08636 

67 

2.22271 

3.; 

..51851 

78 

89209 

=  .! 

08991 

68 

i.22j;i 

34 

1.53148 

79 

89761 

S4 

0934= 

2.22f89 

"36 

1.54407 

80 
8t 

90309 

26 

0969. 

-0 
~7* 

1.1304; 

1.55650 

90849 

10037 

2.233CO 

37 

1.56820 

Si 

9i3«' 

2- 

10380 

7» 

*^35{3 

38 

1.5797a 

3S 

9 1908 

29 

10721 

73 

35 

1.59106 

84 

92428 

29 

1  lo;9 

7+ 

2.2405; 

_4£ 

1. 60106 

8^ 

92942 

3° 

1'394 

2.24.304 

41 

1.61178 

a6 

93450 

31 

11727 

"76 

2.24551 

-)Z 

1.6233; 

87 

959!  = 

3* 

12057 

77 

2.24797 

43 

1.63347 

88 

94448 

33 

z 

'*385 

78 

2.25041 

44 

1.6434; 

^ 

94939 

34 

2 

12710 

79 

2.25185 

1 

.(   1.65731 

90  '-954^4' 

35  ^■'3'i33 

80 

»»5s«a 

d 

^ 

1^^^ 

■ 

J 

1 

1 

r^ 

A  Table  ef  Logarithms. 

'^s^^^m 

N.      Ugar. 

N.    1  I'S"^.   „    A'.   ,  Lo^ar. 

N. 

L.S-'r. 

I8l 

Z.JS768 

226 

I.3S4" 

27, 

2.43297 

316 

2.49969 

8j 

1.^6007 

»7 

2.3;6o3 

7^ 

^■43457 

'7 

2.50106 

83 

2. 2614  j 

28 

^■3!793 

73 

2-43C<6 

18 

'■S°243 

84 

...648^ 

29 

2.35984 

74 

^■43775 

'9 

2.50379 

85 
E6 

2^712 

30 
3' 

2.J6173 

7; 

2.439,, 

2.S05'5 

2.16951 

2.3636, 

76 

2.4409 . 

2? 

2.5065. 

87 

2,17184 

3^ 

2  36549 

77 

2.44J48 

Z2 

2.507S6 

8S 

a. 274(6 

33 

2.36736 

7S 

2.44404 

23. 

2.509  zo 

89 

1.276+6 

34 

..i69z2 

79 

2.44560 

24 

2.;.0;; 

90 

■*"S75 

55 

2.37107 

80 

2.44T.6 

'S 

2.5u8t, 

91 

"TIFi^ 

J& 

2.3729. 

8. 

2.44B7. 

26 

2,5132^ 

gz 

■^3330 

37 

^■3747S 

S2 

2.45025 

27 

'■5I4S5 

9J 

.18556 

38 

2.37658 

,     83 

-4!'79 

28 

1.SI5S7 

94 

.18780 

39 

2.37840 

84 

2-4)33^ 

'29 

2.;i7Jo 

9? 

.29003 

40 

3.3802. 

8? 

2-4;484 

3° 

2.5.851 

96 

.29226 

4' 

1.33202 

86 

2.45637 

S' 

2.5.983 

97 

.29447 

4» 

2.38382 

87 

2.45788 

32 

2.511.4 

9« 

.29667 

43 

2.38361 

Sh 

2-4S939 

33 

2.52244 

99 

.2988; 

44 

2.jfl7;9 

8S 

2.46090 

34 

^■i^37S 

.JOI03 

*5 

2.38917 

9^ 

2  46240 

51; 

2,5:504 

01 

■303  zo 

46 

2.39094 

9> 

2.40369 

30 

2.52634 

Oi 

•30535 

47 

2.39f70 

9t 

2-46538 

37 

i.Si-bl 

03 

■3075° 

48 

2.39445 

93 

2.46687 

38 

2.5289; 

04 

.30963 

49 

2,396*0 

94 

2.4G835 

3? 

2.;302o 

0; 

.31175 

50 

^■39794. 

95 

Z.469S2 

__1S 

2.;3<4S 

~^ 

-3.387 

S' 

2.39967 

96 

2.47129 

4' 

2.53275 

07 

■3'i97 

5^ 

2.40,40 

97 

42 

^■53403 

08 

.31806 

S3 

2.4031; 

98 

2.47412 

43 

»'53S29 

09 

.3201s 

S4 

2.40483 

99 

2.4-567 

44 

2.53656 

5! 

2.40654 

300 

2.477.2 

4^ 

2.5;7H. 

TT 

.32428 

5(* 

J. 40^24 

ITT 

247857 

40 

2.53908 

12 

■32634 

57 

2.40993 

2.48001 

47 

2.54031 

•3 

.3185B 

58 

2.4116; 

03 

2.48,44 

48 

2.54.58 

'4 

•3304' 

59 

1.41330 

04 

2.432«7 

49 

2.5428, 

■3534* 

6a 

2.41497 

05 

2.484,0 

50 

2.54407 

~i6 

■33+45 

61 

2.4.664 
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^B^ 

Bk> 

5.957,8 

3.9^998 

'7 

3.99198 

6z 

3'$939i^H 

^§s 

5.588^; 

73 

3.99003 

18 

3.99102 

h 

3'994o4^H 

. 

^i9 

J.98S07 

74 

3.99C07 

■9 

3-99»<^r 

6, 

3-9940J^H 

10 

,.988,1 

75 

3.9CI01; 

;o 

3,991,1 

_ii 

^.Qi^iO^H 

i^ 

3' 

5.9S8J& 

7c 

3.9(,oio 

^i 

3.99216 

66 

3-994  >«^| 

^K 

S3 

3.988:0 
3.9SS'.; 

78 

;.99Cir 
5.990;; 

t.t 

3.99170 

s 

3.994  ij^H 
3-9942^H 

=3 

3.99124 

^^^H; 

34 

3,98829 

79 

3.9qo!9 

z< 

3.9922-, 

69 

3-994iX^| 

^m  : 

-^^ 

3-98834 

1.99034 

2S 

J-99^35 

_JC. 

3-9943 

^H 

3.9B836 

3.99035 

ifr 

5.99238 

?• 

3-9943< 

■ 

■37 

3.988^3 

8^ 

3-99041 

3.9924: 

3-9944 

^^M 

■38 

3.CB847 

8; 

3-9?047 

1» 

rv99^47 

73 

3-9944] 

^H 

^F 

V^«:^;l 

64 

3.990;.; 

29 

3.99251 

74 
7^ 

3-9944! 
(.99+5 

■ 

11 

:  -;'<j6 

30 

3.991;; 

^H 

~i     ;"r-S::r; 

~8t 

3,99061 

3. 

',.99tto 

76 

3-994S 

■ 

^^H 

^:    ■..9'---'-'> 

87 

3.9906;; 

3^ 

3.99264 

77 

3.9946 

^m.  .. 

41    ;.0(^:^^9 

sa 

yggobg 

33 

3.99i6i,' 

7» 

3-9946 

1 

^^B 

■.-■■44   5.C'!8;4. 

89 

3.99074 

54 

3,99^73 

79 

J-W47 

^M      ' 

--^ 

_■;  ';KB-S 

90 

i.oqotS 

3> 

3.09^77 

Ho 

^;9947» 

I 

5-9S^t3 

9' 

,V99°'^.i 

36 

3.99281 

~JJ 

3.99480 

^^^H 

47 

3.*)Sa87 

9^ 

3.99087 

37 

3.99286 

82 

3.99434 

^^^1 

.  4X 

3.9S89Z 

93 

3.99097 

38 

3,99191 

83 

3.99489 

^^^1  ' 

49 

3.9SS96 

94 

3.9909^ 

39 

3,9929; 

84 

3-99493 

^H 

51 

■i  98900 

95 
96 

3.99100 

40 

3,99300 

85 

3.99498 

J-9S905 

5.9910J 

41 

3-993<34 

86 

3.99505 

^^^H 

!* 

3.9^909 

97 

3.99109 

42 

3.993C« 

87 

3.99506 

^^^H 

53 

3.98914 

96 

3.99114 

43 

3-993 '3 

83 

3-99S" 

^^^H 

s-i 

3.9S918 

99 

3.991 18 

44 

3.99317 

89 

3-99S'S 

H 

i6 

l.gSgjz 

q3oo 
980. 

3'a9i23 

_li 

'■993  =  = 

90 

3.99720 

3  9S927 

3.99117 

46 

3.99320 

9' 

3-99SH 

57 

1-989?  I 

3.99131 

47 

3-9933° 

91 

3.99518 

^^^1 

SB 

1.91*935 

0,1 

3-99»36 

48 

3-99335 

9J 

J-99S33 

^^^1 

I'* 

3,98941 

04 

3.99140 

49 

1-9933'.' 

9' 

3 -995 37 

^^^K 

60 

I.Q8945 

05 

3-9'"45 

;" 

5-99H4 

9? 

t.  991:43 

^^H 

61 

3.98949 

ob 

3,99149 

S' 

5-9934^ 

96 

3.995,6 

^^^B 

6i 

5,98954 

07 

5.99154 

52 

3-9935* 

97 

5-99550 

^^^H 

53 

t.98g5S 

08 

3.99158 

S3 

3-993!7 

g3 

3-99SSS 

64 

■..98561 

09 

3.99162 

'  S4 

3  993^1 

99 

3 -99! 59 

^^H 

e^n.^s^f-  10' 3.991^7 

1:5  3-993^6 

9900  3-99564 

L 

^^^ 

i 

p 

Pi 

A-Tahle-of  Lcgmthm. 

+!I 

^ 

JV. 

9901 

i.f... 

N. 
9926 

tegar. 

N. 

Logar. 

N. 
9976 

i.f.r. 

1 

3.99568 

995' 

3.99787 

3.99896 

3-9957^ 

27 

J.99682 

5* 

3-99791 

77 

1.99900 
J.99904 

oj 

3-99S77 

38 

J.99686 

iJ 

3-99795 

7« 

04, 

3,99581 

29 

3.99691 

54 

3.99S00 

79 

3.99909 

05 

5.^9585 

.  30 

3.9969s 

3.99804 

80 

3-99913 

~^ 

3-9959° 

3' 

3.99699 

~S6 

3.99808 

Si 

3.99917 

°7 

3-99S94 

32 

3.99704 

57 

3.99813 

82 

3-999" 

08 

3'99S99 

33 

3.99708 

sa 

3.99S17 

83 

3.99926 

09 

3.99603 

3+ 

3-99-i  = 

59 

3.99822 

84 

J-99930 

ja 

3.99607 

_li 

3.99717 

61 

5,99826 

8s 

3-9993! 

1 

TT 

3.996 1^ 

36 

3-997*" 

3.99830 

86 

3-99939 

la 

3.99616 

37  3-997^6 

6a 

3.99835 

87 

3-99944 
3-99948 

'J 

3.99621 

38  3-9973'= 

5' 

3.99839 

88 

'4 

3.9962; 

39 

3-99734 

64 

3.99843 

«9 

3-9995* 

■5 

3.99629 

_40 

3-99739 
3-997■^3 

^ 

3.99848 

90 

3-99957 

-^ 

J-99^34 

4' 

3.99852 

91 

3-99961 

17 

3.9963S 

43 

3-99747 

5' 

3.99856 

9» 

3  99963 

18 

J. 9964  2 

43 

J-997!' 

68 

J.99861 

93 

3-99976 

19 

3.99647 

44 

3-99756 

69 

3.9986; 

94 

3-99974 
3-9997* 

3.99651 

45 

3-99760 

70 
71 

3.99870 

95 

7\ 

3.99656 

46 

3-99765 

3-99874 

96 

3-99983 

22 

J. 99660 

47 

3.99769 

?! 

3.99878 

97 

3.9998? 

*J 

J.  996  6+ 

48 

3-99774 

73 

3.99883 

98 

3-9999' 

'4 

3.99669 

49 

3.99778 

74 

3.99887 

99 

39999^ 

_il 

3-99673 

SO 

3.9978! 

75 

3 

99891 

4-oooof) 

1 

; 

A 
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^I!,v: 

■r 
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■ 
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■ 
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TABLE 
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Artificial  SINES,  tANGENTS, 
and  SECANTS,  the  Radius 
lo.ooooo ;  and  to  every  Degree  and 
Minute  of  the  Qua d r a n t. 


A  Tabic  of  Artificial  Sines,                    || 

oDegre..                                                 \ 

>9 

ID 
22 

,    =3 

\ 

Sine. 

Tang. 

Secant. 

f1 

o.ooooo 

6.46573 

6.76476 
6.94=85 

7.t>6;79 

J.99999 
5.99999 
3.99999 

o.ooooo 

Ininiie. 

10.00000 

Iniiiiite.    65 
'3-536.7  5! 
13.<3S24  s! 
13.05915  5 
12.934.1  5( 

6.76476 
6.94085 
7.06579 

13.53617 
13.33554 

13.05915 
12.93421 

7.16170 
7..4,8« 
7.308SS 
7.3668. 
r-4'797 

>■  99999 
9,99999 
3.99999 
9.99999 
?-99999 

7.16270 
7.2418S 
7-3«883 
7.366^2 
7-41797 

12.83730 
12.758.2 
.2.69118 
12,63318 
.2.58203 

lo.oopoo 

"83730  S 
1.  758115 
1.69118  5 
"..63318  5 
1..59.03  5 

1.. 536.7  5 
1..4M8  4 
1. .45709  4 
i.,4..3),4i 
1..3901;  A 

-.46373 
7.5051. 
7.54.9. 
7.57767 
7.60985 

3-99999 
9.99990 
'-.■■99599 
9-99999 
J-99999 

7-46373 
7.50512 
7.5419' 
7-S7767 
7.(>0986 

.2,5^627 
,.-.49488 
12.45709 

10.00000 

12.42133 
.2.39014 

7.6398. 
7.6678, 
7,69417 
7.71900 
7.74.48 

9-99999 
9-99999 
9-9999? 
9-99999 
9.99999 

7.63982 
7.66?8/; 
7.60418 
7.71900 
7.74Z48 

7.76476 

7.825+6 

7-8439* 

12.3601B 
.2.3321; 
I2.JOJ8S 
12.28100 

12,25752 

12.23524 
12.11405 
12.19385 
. 2.17454 
12.15606 

r  0.00001 
[  0.00001 

mil 

7.76475 

7-8^54! 
7.84393 

5.9999-, 
9.99999 
9-99999 
9-99999 
9-99999 

10.00001 
1 0,00001 
10,00001 

i...,S«j,t 
i..2i'4e^  3fa 

'=•'7455  3| 
1..1S607  jfe 

7.86166 
7.S7870 
7.S55C9 
7.9.088 
7.916.1 
7.94084 

9.99995 

9.599  JO 

9.59999 
9  9^999 

9  999^8 
9' 9999  8 

7.8&167 

7.87871 

7.B9510 
79I0S9 
7.9 16 1 J 
7.940S6 

'  1-13833 
12.12129 
12.10490 
12.08911 
12.07387 
12.05914 

10.0OOD2 
1O.00OO2 

'!-'38j4  is 
1..1. 15031, 
1..10451  55 
1..0891.  3), 

1.. 07388  s 

1..05916  ^ 

Sine. 

Tang. 

■ 

!""'■  1 

«'  »'«""•                   1 

I 

1 

H!^^^^^^BHpB9 

■ 

m 

! 

% 

m 

Tangents,  and  Secants, 

1 

o  D.^r«. 

2 

Sine. 

Tang. 

Secant. 

7.94084 
7.95108 

7.96887 
7.982.3 

7-99S.O 

9.99998 

9.99998 
(,,99998 
9.99998 
9.99998 

7.94086 
7.95510 
7.96889 
7.q82i; 
7-99i" 

1.05914 

1.04490 

J,OJIlI 

2.0177s 
2.00478 

10.00001 
10.00002 

,..05916 
12.0449. 

U.OJllj 

12.01777 
U.00480 

30 
19 

27 
26 

H 
14 

'3 

21 

IC 
<9 
18 

;i 

M 
'4 
'! 

IS 

16 

? 
6 

5 
( 

f 

0 

I 

3,00779 

8.OSO02 

fi.ojig. 
8.04350 
8.05478 

9.99998 
9.99998 
9.99998 
9.99997 
9.99997 

8.00781 
i. 02004 
8.0319s 
B.04353 
8,05481 

11.99219 

.,.97996 
1 1 .96806 
11.95647 
11.94519 

.o.ooooj 
.0,00003 
10.00003 

11.99121 
11.97998 
,,.96808 
,,.95650 
,1.9452* 

8.06578 
8.07650 
8.08697 
8.09718 
S. 10717 

9-99997 

5.99997 
9-99997 
9,99997 
9.99^96 

S.06581 
8,07653 
8,08700 
8.09722 
8.10720 

11.93419 

1 1.91347 
11.^1300 
li.  90278 

11.39^80 

10.00003 
.0.00003 
10.DO004 

,,.93422 
,,.92350 
1,. 9,303 

,1.90282 

,,.89283 

% 

49 
'!3 

i 

3.1,693 
8.,;6,7 
8.. 358, 
8.14495 
8.15391 

9,99996 
g.99996 
9.9999(1 
9.99996 
9.99996 

9'9999S 
9-9999> 
9.99995 
9.99995 
9.9999s 

8.11696 
8.11651 

S.1358S 
8.14SOO 

8.1S39S 

11.88304 

11.87349 
1..S64IS 
11.85500 
11.84605 

11.83727 

11.81367 
11,82014 
it.81196 

...80384 

I0.00004 
.0.00004 
10.00004 
10.00004 
.0.0000.1 

,,.88307 

.1.87355 

1,. 86419 
11.85503 
11.84609 

8..6a6S 
3.17U8 
8.17971 
S.1B799 
8.196,0 

3.16273 
S-'7'33 
3.17976 
8.18804 
8.19616 

lo-oocos 

.0,00005 

"•83;32 
,1.82872 
,,.82029 
11.8,201 
11.80390 

8.10407 

8.a34S6 
3.24 ra6 

9.99994 
9.99994 
9-99994 
9.99994 
9,99094 
9-99993 

8.20413 
3.21195 
8.2.964 
8.22720 
a.23462 
8.24192 

.1.79587 
...7880; 
...78036 
...77281 
...76538 
.1.75803 

to.oocofi 
10.00006 
.0.00006 

.0.00c  07 

11.79593 
11,7881, 
,1.780,2 
11.77287 
11.76544 
,1.75815 

■  1 

Sine. 

Tang. 

Stcint, 

■ 
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^ 
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A  Table  of  Artificial  Sines, 


s 

Sine. 

Tang. 

Secant. 

o 

S.24186 

9-99993 

8.a4i92!ii.7;3o8 

IO.OCO07 

11.75815 

6 

1 

8.1490: 

9-99993 

8.249.0 

11.75090 

lO.ODOO- 

11.75097 

28.25601 

J.  99993 

8.2^0.7 

11.743S4 

10.00007 

11.74391 

<i 

J8.26JO, 

9-99993 

M.73689 

10.00007 

M.736,6 

48.16988 

9-99993 

8.26996 

11.73004 

10,00007 

11.7301a 

s 

58.2766, 

9.99992 

3,27669 

11.71331 

1 0.000c  8 

^'■7^339 

, 

68.28324 
78.28977 

9.99992 

8.2831= 

to.  0000  g 

11.71676 

; 

9-9999= 

8.2Sg«& 

11.71014 

1 0.00008 

11-71023 

3J8. 29621 

9-9999- 

8.29630 

H.70371 

lo.oooog 

11^0379 

; 

,.9 

U.30=,-5 

9-99991 

8,30363 

11.69737 

10.00009 

11.6974s 

S 

10 

8,30879 

9.99991 

3.30S83 

...6911;; 

icoooog 

11.691. 1 

^ 

(1 

8.3149; 

9-59991 

3.31505 

11.6^5 

lo.Dooni; 

11.68505 

12 

8.JI10.; 

9.99991 

a.321.2 

M.67.SSS 

lo.cooio 

11.67897 

3.32702 

9.99990 

8.327.. 

11.67289 

10.00010 

11.67198 

14 

8.33x92 

9.99990 

8-53303 

10.00010 

n. 66708 

i 

q 

8-1^87^ 

9.99990 

6.33SS6 

1.1,66114 

10.00010 

11.661JS; 

8-34,+;o 

9.99989 

a.i+46< 

1 1. 65^35 

lo.oooi  1 

\\f^. 

17 

S.iroig 

9.99989 

3.J5025 

11.64971 

^ 

.88.3557! 

9.99989 

8.35390 

11.64411 

10.0001 1 

1 1.644M 

.9 

8-3("32 

9.99989 

S.36I43 

ii,63!i57 

10.00012 

11.638^$ 

*. 

a.j6S7B 

g.99983 

8.,6fiSq 

M.633<. 

1 0.0001  J 

11.63314 

i.nziy 

g.99988 

3.37225 

M.6277> 

10.00012 

11.62785 

E2 

J.J77SO 

9.99988 

a.17763 

ir.62<«o 

1 

=  1 

}.,9n6 

9.999S7 

a.  38^8, 

nXnju 

10.00013 

1 1.61724 

84 

«.3M:90 

9.99987 

11.61191 

IO.OCOI3    11,6120^ 

y 

2I 

8.39.?  ■<> 

9-99987 

3.1931^ 

I  J. 60677 

icooorg  11.60690 

].39Sit 

9.99986 

8.39832 

11.60169 

io.oooi4'ii. 6018a 

5.40320 

9-99986 

8.40134. 

.1.59666 

10.000.4  ",;g68o 

?H 

{,40816 

999986 

3-40830 

2(5 

9  99985 

8.4132J 

ii.,-«579 

,0.000,5  „.sW^ 

10.00015   I].5$20S 

f 

30 

8.41792 

9.99985 

11.58193 

A 

|i 

1 

Sine. 

Tang. 

Tarr. 

s 
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Tangents,  and  Secants. 

I 

Dtgrm 

f. 

Sine. 

Tang. 

Secant. 

W 

8.41 79J 

9.9998s 

8.41807 

n.58193 

10.00015 

11.58.08 

^1 

5.41172 

J. 99985 

J.4aa8: 

n. 577 13 

10.00015 

11.5772a 

:i 

^2 

J.4»746 

9.99984 

8.4.76= 

11.5723a 

10.00016 

ii.S7»S4 

11 

!.<,., 6 

9.99984 

8.4513  J 

11.56769 

10.00016 

■  ■.56784 

11 

J4 

8.43680 

9.9998+ 

M-43C9f 

11.56304 

10.00016 

■  ■.56320 

8.++i.i6 

11.55844 

10.00017 

■  ■.55861 

1" 

?-99983 

8.44611 

11.55389 

10.00017 

17 

«.4i044 

?-999»3 

U^ob, 

11.54939 

10.00017 

■  1. 54956 

»i 

IS 

8.4S489 

9.99981 

8.45507 

" -54493 

10.00018 

...54S^^ 

39 

40 

8.,s9jo 
3.46366 

9.99982 

8.45948 

11.540^2 

■  ■.54070 

21 

»9 

9.9998a 

8.4618  ^ 

11.53615 

10.00018 

■■■53634 

41 

8.46799 

9.99981 

8.46s., 

11.53183 

10.00019 

■  ■.53202 

:i 

42 

3.,7!i6 

9.99981 

S-47H1 

11.52755 

10.000.9 

■'•5>774 

8.476S0 

9.99981 

ii.52331 

10.00020 

■  ■.52350 

'7 

44 

41 

8.4806, 
8.4848; 

9.99980 

11.51911 

10.00020 

...5,93. 

1* 
'5 

9.99980 

8.48^05 

11.51495 

10.00020 

"SlSiS 

4« 

8.48S96 

9.99979 

8.48917 

.1,5.085 

I0.OOO21 

\\v^ 

'+ 

47 

8.4930H 

9.99973 

h.4^32S 

11.50675  10.00021 

'3 

4» 

8.49708 

9.99975 

8.497^ 

...50271 

■  ■.50292 

11 

49 

8.50108 

9.99978 

8.S0.30 

11.49870 

10.00921 

■■.4989. 

10 

8.5050, 

9.99978 

8.50517 

'1-49473 

10.0002a 

■  ■.49496 

S' 

8.50897 

9-99977 

8.50910,11.49080 

10.00023 

■  ■.49^03 

9 

8.5 1:87 

9-99977 

8-S«3'o;i'-+a690 

10.00023 

'■48713 

51 

8.51673 

9-99977 

8.51696111.48304 

10.00024 

■■.48327 

7 

?4 

8.52055 

9.99976 

8.SZ079  11.47921 

10.00024 

■■■4794S 

<) 

«.!"34 

9.99976 

8.5245911.47541 

10.00024 

...47566 

111 

9-99975 

8.52835 

11.47165 

■  ■.+7190 

57 

8.5,1a, 

9-9997S 

8.53208 

11. 46792 

10.00025 
10.00026 

■  ..468,7 

18 

8vJ3SS2 
853919 

9.99974 

8.53578 

11,46412 

■  ..464,8 

M 

9-99974 

8-53945 

11.46055 

10.00026 

■  1.4608. 

8.541*1 

9  99974 

8.5430a 

11.45692 

10.00027 

"■4S7"8 

i 

Tang. 

Secant. 

-.-. 

Sine. 
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A  Table  of  Artificial  Sines, 

2   DtgrU!. 

1    Sine. 

Tang;. 

Secant. 

oa.54^8» 

9.99974 

8.54308 

11.45693 

10.00027 

11.457, 8 

60 

1  8.5464* 

9-9997: 

8.54669 

"■4533' 

10.00027 

11.45358 

i!9 

i  8.s;oo< 

9'9997; 

8.550,7 

,1.44973 

10.00017 

3  8.5S3S4 

9.99972 

8.551»2 

11.44618 

10.00028 

u. 44646 

48.55705 
5  8.56054 

9.99972 
9.99971 

8-SS734 

11.44266 

10.00028 

11.4429s 

8.56083 

11.43917 

10.00029 

11.43946 

6  8.56400 

9.9997 1 

8.56425 

ii-43!7« 

lo.oooic 

11,43600 

7  8-^6743 

9-99970 

8.5677J 

n, 43217 

10.00030 

"■43257 

88.5708+ 

9.99970 

8.571.^ 

10,00030 

it.41916 

98.57421 

9.9996^ 

8.57452 

11.42548 

10.00030 

11.42579 

08.57757 

9.99969 

8,57733 

11.42212 

10.0003, 

11.42243 

i  8.58089 

9.99968 

11.4,879 

10.00032 

n.4igii 

2S.58419 

9.99968 

8,5845. 

,0.00032 

11.41581 

3  S.58747 

9.9996B 

8-58775 

11.41221 

10,00033 

ri.41253 

4  8.59072 

9.99967 

8.5910s 

11,40895 

10.00033 

11.40938 

S  8.59J9! 

9,99967 

3.59428 

,1.40572 

10.00034 

11.4060s 

t  J.S97'! 

9.9g96t 

3.59749 

11,40251 

10.00034 

11.40285 

7  8.60033 

9.9996^ 

ri.39932 

10.00035 

11.39967 

a  3.60149 

9.99965 

8.603+4 

11.39616 

10.0003; 

,,.39651 

9  8.60662 

9.99965 
9.99964 

8.6o6g8 

1,-39302 

,1.39338 

B.fiioog 

M.38991 

10.00036 

ir. 39027 

I  }.6ii82 

g.  99964 

3.61319 

0.00037 

11.38718 

2  !.6i589 

9.99963 

1-38374 

0.00037 

n.38411 

3  {.61894 

9.99962 

8.61931 

1,38009 

0.00018 

.>.}8<o6   jm 

48.62196 

9,99962 

3.6iS34 

1.37766 

0.00038 

11.378043 

6  8.62795 

9.99961 

8.62535 

'•37+6{ 

0.00039 

,1.375043 

tfl 

9.99961 

S.62834 

i-37>66 

0.00039 

11.3720J, 

9.9996c 

8.6,,,, 

1,36869 

0,00040 

11.36909; 

^  H 

1  8.63^85 

5.9996c 

,.36574 

0.00040 

n.36615 

1  m 

9  3.65678 

?-999>9 

8.637.  s 

0.00041 

M.36322: 

1  H 

a  8.63968 

J-999S5  8. 64009 

I.3S99' 

0,00041 

11.3603*3 

a  ■ 

Sine. 

Tang. 

Secant.    ; 

3    ■ 

i 
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Tangents 

and  Secants: 

z 

}).^ras. 

S 

Siiie. 

Tang. 

Sflcaitt.   j                 1 

li.6396S 

9-99959 

3.&4009 
8.64298 

11-3599' 

10.0D041 

11.36033  30 

1' 

{.64:^^6 

lg.99958 

11.35702 

10.00042 

"■3574+  ^5 

11 

f-6+U,1 

9-99958 

8.64^8S 

'I354'S 

10.00043 

11.35458  28 

11 

3.64SZ7 

9'999;7 

8.64^70 

11.35.130 

1  a.00043 

11.3^173  ^7 

J4 

a.6,-.>io 

9.99956 

8^5154 

n.34846 

10.00044 

II, 3.^890  26 

8.6!39' 

9.99956 

8.65415 

ir. 34565 

10,00044 

11,34609  25 

,6 

8.656;o 

9-999iS 

8.6^715 

11.34285 

10,0904s 

ri. 34330  74 

3.6;q+8 

9-99955 

8.6,-99^ 

11. 3 4007 

10.00045 

11.34052   ^3 

la 

5.66223 

'1-99954 

11.3373' 

ID.  00046 

"-33777  32 

39 
40 

8.66769 

9-99954 

B.60;43 

■'-33457 

10.00047 

M.33503  21 

9-99953 

8.66816 

11.33134 

10,00047 

ii.^3:-!i  ;o 

"■3J9'3 

IO.OOC48 

1l.32.,6l     1^ 

i.b-!iai 

Li. 32644 

IO.OOO4S 

11.33692  -S 

*-67i75 

S.6762^ 

11.32376 

I  0,00049 

'ji.3=425   '7 

44 

«.b7d4i 
«7fiai04 

■J'W^S' 

11.3?MO 

10100049 

1 1,32160  16 

^-9995° 
9-99949 

8.68154 

,1.31346 

10^00050 

11,31896,  , 5 

4D 

8.6at67 

8J5K417 

11.31583 

1 0-.  00051 

11.3163414 

8.68«z'- 

?-^99*9 
9-9994*^ 

11.31322 

lOt  00051 

"■3'373''3 

4« 

3,68866 

8^89  ii 

11.31062 

10.00052 

■  1.311141.2 

MO 

*;e9i4i 

9-9994" 

8.69160 

11.30804 

iaooos3 

I1.-3035;   It 

<. 69400 

5;(jgg47 

8.69453 

n -30547 

1Q.00053 

ii.3o6od  'c 

Si 

8.65654 

(.99946 

«*Q76« 

11.30792 

idoob54 

" -303,46     c 

3.69.J07 

9.99946 

8.b9*;6i 

10,00054 

11,3009;      8| 

?1' 

S.70ISI) 

9^999+5 

S,foiH 

11.29786 

10.00055 

11.29^41     7 

54; 

*.734w> 

9-99944 

a.?046.; 

11.19535' 

10.0005& 

11,29591     6 

S.706;8 

9-'W944 

ip. 

u.K^z^e 

10.00056 

11.29342     5 

^" 

5^994^ 

11.29038 

io.ooo?7 

.i.29o>;5'    4. 

■i7 

ttii^n 

9-99043 

4 '4^1 

u. 28792 

.1.28849    i. 

^ 

^.^Jrjq^ 

9'99942 

.■i.28;47 

10.00058 

.1.28605     2, 

W 

S.7163* 

9,99941 

8.71697 

11.28303 

10.00059 

8i7-i88& 

9-'J994<' 

8.71940 

ii.cS^6o 

Sine. 

T.ng. 

Sscant,     ■~^'. 

«7 
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A  Table  of  Artificial  Sines,                      | 

3 

S. 

Sine. 

T.ne- 

Seca.it. 

60 

8.71880 

9-999''^ 

8.71940  ii.i3c6o 

10.0C060 

ll.»8l20 

1 

t.7»i2" 

5.99940 

8.72181  11.1781.7 

10.00060 

11.27880 

i? 

z 

S.7.360 

9.99939 

8.71420  11.37580 

io.cco6i 

,1-27641 

5I 

■\ 

8.72597 

9.9993^. 

S.7!65( 

11.27341 

10.000^2 

11.27403 

57 

4 

8.71834 

9-999:t» 

8.7JS96 

11,27104 

io.0"o62 

n. 27166 

36 
55 

8.7,o6j 

9-99937 

8.731,= 

11.26868 

10.00063 

11.26931 

t 

8.7330J 

9  ■9993' 

S.7,366 

11.26631 

10,00064 

,i.26(.g8 

5t 

1 

8.7333S 

9-9993' 

8.73I100 

,1.26400 

10.00064 

11.2^461 

55 

I 

i-n-br 

9.9993! 

8.7383, 

11.26168 

10,00065 

11.26133 

52 

9 

8-75997 

9'g993.1 

8.74063 

11.25937 

10.00066 

1 1 .2600J 

S' 

8.74Z.6 

9-99934 

8.74.,. 

n..'S703 

io.ooc6'6 

»»-2S;74 

!« 

8.7445. 

9.9993: 

8.745. 

<« 

12 

8.741.8, 

9-9993: 

8.74748 

11.25352 

I0,o..o6ii 

,1,25320 

4" 

8.74906 

9.9993: 

8.7497, 

11.25026 

,0.00069 

47 

'4 
'I 

8.75130 

9-9993 

8-75195 

11.24^01 

10.00069 

11.24S70 

41 

'■7535! 

9.999;c 

8.7J+23 

11.24577 

10.00070 

11,24647 

i6 

3-75575 

9.99925 

8.7564 

"■243SS 

10,00071 

M 

I? 

8.757,0 

9.9992r 

S.7SS6 

"■H'33 

,0.0007, 

1 1.14205 

4!     . 

8.7O015 

9-999  2  J 

11.23913 

,0,00072 

11.33985 

i  J 

'9 

8-76234 

9.9992 

8.76J0 

11.23694 

,0,00075 

11.23767 

■ 

8-764! 

5.^991 

8.76;, 

1 '.23475 

,0.00074 

"23549 

2 

5.9992^ 

8-76-4 

1 1.23.^8 

"t 

H 

12 

8.7688 

9.9992 

8-7695 

1,-23048 

10.00075 

,1.23(17 

*: 

8.77097 

9.9992 

8-7717 

II.Z.S27 

10.00076 

11.22903 

17 

■ 

Z4  8.7731c 
zi  8.77S= 

9.9992 

S7738 

ll.225,3 

10,00077 

11.22690 

36 
1> 

■ 

9,9992 

3-7760 

11.22401 

10.00077 

U.2217S 

168.7773 

9,999; 

3.77S1 

,1.22,85 

10.00078 

11.22367 

H 

27  8.7794 

9.9991 

8-780. 

11.31978 

,0.00079 

11.22057 

V. 

^^H 

23  (.781? 

9.9993 

8-78., 

,1.2,768 

to. 00080 

11,2,84s 

^^H 

298.7856 

9.9991 

8.78„ 

11.21559 

lo.oooSo 

,,.2,639 

V 

■ 

308.7856 

9.9991 

8.7864 

i!.;i3;i  lo.oooSi 

11.31432 

3^ 

e 
1 

1 

1 

Sine. 

T.ng. 

Secant. 

E5  p^s""-                                           \ 
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li 

te 

^ 

^ 

^i 

^ 

d 
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Tangents,  and  Secants. 

3  Dr^y... 

s 

Sine. 

Tsng. 

j   StCini. 

10 

8.78,68 

9. 999(98. 7«64p 

II.Z1351   10.OC081 

11,21433 

10 

3' 

8.78774 

9.a99i8S.7E3;)- 

11.21145  'o-oaoS^ 

29 

i^ 

878979 

9.99917J8.79061 

11.20939  10.00083 

11.2102J 

28 

a  3 

J.79183 

ii,20734;io.oco83 

11.20817 

3+ 
3S 

8.79386 

9.999168.79470 

11,20530  10.00084 

11. .06,  4 

26 

8,79;«? 

9.999158,79673 

11,20327  10,00085 

U. 2041  2 

30 

8. 797^9 

9.999148.79375 

11.201Z5  10.00086 

11.20111 

37 

3.79990 

9.99913 

11.19924  10.00087 

2.3 

3^ 

a.BoiMo 

9.99913 

8.80Z77 

11.19734  10.00087 

11.1981  I 

22 

3y 

40 

s,ao3SS 

9,99912 

8.S0476 

11.19524  lo.ocoBS 

M.,56.2 

SO 

a.BojSs 

8.SC674 

11.10326  10-00089 

11.1941; 

+' 

9.99910 

ir.igi28;io.  00090 

1 1  - 1 ga 1 8 

'9 

4i 

8.80978 

9.99909 

8.8io58 

11,18932 

10.00091 

11-HJ022 

.8 

4-J 

M.8..71 

9,99905 

10,00091 

11.18S27 

'7 

44 
4S 

8,81367 

9,99-^08 

«Ji.4i9 

11.1S541 

10,00092 

11. 18633 

F.  8 1560 

9.99507 

8.81653 

,..18347 

10.00093 

11.1S440 

iU 

a.8.T^a 

9.99906 

i.8i84e 

11.18154 

10,00094 

'4 

A/ 

8.31944 

9.9990; 

8.81038 

11.17962 

10.00095 

11.18057 

3.82134 

9,99904 

8.8Z2  3C 

II. .7770 

10.00096 

.1.1786D 

4il 
SO 

H,M.3z+ 

9.99904 

8.8242. 

ii..7j3o 

1 0.00D96 

11,17676 

- 

8.82ii3 

9.99903 

S.S2610 

11.17390 

10.00097 

u. 17^87 

>' 

8.82701 

9.99902 

8.8/799 

ii,:;2oi 

10.00098 

n, 17299 

fl 

S^ 

9.99901 

11.17013 

'  0.00c  99 

11.17112 

1,H 

S.8307; 

9.99^00 

S.S3175 

Ii.j682j 

....692; 

7 

I! 

8.83261 

9.99859 

8.83361 

I. ..6659 

10,00101 

11.16739 

6 

8.S3446 

9,99898 

8.8, w 

11.16453 

10.00102 

11.16554 

•,0 

H.B,0,o 

9.998988.83732 

10.00102 

... 16370 

4 

SI 

8.B3813 

9.9989713,83916 

10.00103 

^ 

sy 

3,84.996 

fl-<?qS96 

y.84100 

11.15500 

10.00104 

11.1 6004 

sy 

S.84177 

9.99895 

.1.15718 

10.C0105 

11. 15823 

8.84.;5M 

9.C-9U94 

8.84464 

11,15536 

M..5642 

° 

Sir... 

Tang. 

Secant. 

S 
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A  Table  of  Artificbl  Sines,                    \ 

1 

4   l)fg.er,. 

o 

1 

S 

Sine. 

T..nvr. 

Secant. 

60 
!9 

;8 
57 

~ 

S+ 
!3 
S^ 
S' 

49 
48 
47 
+6 

a.8-15,9 

3.B47.S 

3.a,H97 

3.85075 

9,993..,, 

9  99;^y^ 

9.9989. 
9-99891 

8.84464 
■1.84646 
:-:-8,H26 
8. 05006 
i. 85185 

u.,!536 

11.15174 
11. 14994 
...14S1; 

10.00.06 
10.D0107 
10.0D108 

11. .5642 
11.15461 
11-15282 
11.15.03 
11.14923 

s 

6 
7 
8 

9 

8.85*52 
8.8542^ 
8,85605 

8.8S7SO 
8.8595; 

9.9989c 
9.99889 
9.9988t 
9.9988- 
9.998^6 

8.S53£3 
g.85540 
3.85717 
^■85893 
S.860S9 

11.145,37 
11.14460 
Ii.l47»3 
11. .4. 07 
11.1393. 

lo.aoiii 

10.00.13 
10.00.14 

11.14748 
11.14371 
11.14395 
1 1.14220 

11.1404s 

IZ 

'3 
'4 

3.86128 
3.86301 
8.86474 
8.8G64; 
B.S6817 

9.993  s; 
9.99884 
9.9988; 
9.99882 
9.99881 

8.86243 
3,864.7 
8.8659. 
S.86763 
8.8693; 

u. 13757 
11.13^83 
11.13409 
"■•3137 
11.13065 

10.00116 

10.00M8 
10,00119 

.1.13872 
11.13699 
11.13526 
"■'33S5 
11. .3184 

16 

'7 

■f 

*3 
Z4 

a; 

26 

27 

30 

8.86987 
8.87157 
8.87326 
8,87494 
8.S7662 

9.99880 
g.998«o 
9.9987c 
9.59878 
9.99877 

8.87  ro6 

10.G0113 

11.12675 
...12506 
.1.12339 

45 
41 
43 

■' 

3.87277 
8.87447 
8-87C16 
8.877SS 

3.87953 
8.88120 

8.S3453 
8.S86ig 

ii.«»384 
11.12215 

8,87819 
3.879C5 
8.8SJ61 
8.88326 
8.88490 

9-99870 
9,99875 
9.99874 
999873 
9-99«7* 

11.12047 

II.:  1880 
11.11713 

11.11547 
u. 11382 

10.00124 

1 0.001  Z7 
10.00128 

11.12171 
11.1M05 
11.1.830 
I... -674 
11.11510 

40 

8.88654 
8.88817 
8.88980 
8.89142 
8.89304 
8.89464 

9-9987' 
9.99870 
9.998159 
9.9986S 
9.9986: 
9.99=(6t 

8.88948 
8.89111 
8.S9274 
8.89437 
8.8959S 

Ii.u;i7 

11.10889 
11.10726 

....  0,-63 

1  r.  10402 

10.00129 
10.00130 

10.00133 

.0.00.  34 

.1...346 
1..1MS3 

u. 10858 
II . 1 0657 

11.10536 

34 

33 

32 

>i 
30 

i 

1 

Sine. 

T..8. 

Secant. 

1 

1 

1^^^ 

■ 

Tangents,  and  Secants, 

f  Dcgra.. 

lo 

Sine. 

T..2. 

Secani. 

- 

8.89564 

9.99S66 

S. 85598  11.10.^02 

lO.OO 

.. 

,,.,o„6 

11 

i:*qt^^ 

9,9986; 

S.S976o]ii. 10240 

la.oo 

is 

11.1037; 

2T 

a.bq7Sl 

9.99864 

8.89920  11. looSo 

.o.oo 

130 

11.10216 

2H 

{.69943 

8.9P080I  1.0991c 

10.00 

11.10057 

34 

3.90102 

9.99862 

8,90240 

i  1.09769 
1  ..ot)6oi 

10.001  jB 

II.O9S9S 

76 

8.goz6o 

3.9986. 

S.9D399 

10.00 

.30 

11.09740 

%b 

8,90417 

,,99860 

8.90557 

11.091.43 

10.00 

140 

...09583 

*4 

17 

a.qo,74 

■■i-99^S^ 

8.907.5 

11.09=85 

10.00 

.41 

11.09426 

23 

la 

8.90730 

9.9985? 

8.90S72 

ii,ogi28 

10.00 

4= 

11.09270 

39 
40 

8.90885 

3.99857 

8.91029 

u.o897^ 

10.00 

'43 

.1.09.1; 

- 

I 

999856 

3.91185 

1..0S815 

10.00 

II.OE9C0 

3.9119s 

3,99855 

3.91340 

1.. 08660 

14^ 

19 

4« 

5.91349 

9.99854 

8,91495 

146 

41 

8.91502 

9-99853 

9.91(150 

.1,08;;  1 

10,00 

'47 

.1.08493 

17 

4+ 

4"; 

8.9T65S 

9.9985; 

9.91803 

.1.0M197 

10.00 

148 

11.0834s 

16 

S.9.807 

9.99851 

•;-9'957 

. .  .08043 

10,00 

149 

...08193 

46 

8.9i95t 

9,998;c 

9,92110 

M. 07890 

'S' 

11.08041 

"4 

47 

a.gzMO 

9.99841. 

9.92262 

II.O773S 

4' 

8,92161 

5.99847 

9.9241. 

11.07586 

in 

11. 07739 

.2 

49 

B.gnn 

9.99846 

9.92565 

11.07434 

0-00 

'!4 

11.07539 

- 

S.92^61 

3.99845 

9.92716 

ji.o7=3; 

";^ 

11,07439 

8.9^7.0 

,.99844 

9,923&6 

11,0713+ 

10, cc 

Kb 

.1,07290 

9 

'i^ 

8. 928;. 

,.9984; 

9,920.6 

11.0691^5 

"i7 

.1.07141 

i;^ 

8.93007 

).95847 

9,93165 

■  1.0683; 

io.cc 
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■.J2  8.q57z& 

9.99821 

3.95908 

1 1.04095 

11.04272 

+« 

■13  S.  95  867 

9.99820 

3.96047 

" -03953 

lO.OOffio 

11.04,153 

14S.96005 
15  S.961+3 

9.99819 

H.9Diy7 

11.033^3 

lo.coiSi 

11.03995 

i6 

».963Z5 

J  0.00 1^3 

11.05S57 

S.96280 

9.99816 

8.96464 

11.03536 

.0.00184 

,11,0372a 

17 

3.96417 

9.99815 

11.0339; 

10.00185 

8.9655; 

9.99814 

8.96739 

11.03261 

10.001S6 

'9 

9.993  J  3 

8.96877 

11.03123 

,,0.00,87 

.1.03311 

4-1 

8.Q68JS 

9.99812 

3.970.1 

M. 02987 

■lO.ooiSS 

11,03175 

Zl 

a.96960 

9.99810 

3.97,50 

11.02ii50 

10,00190 

1 1 .03040 

22 

8,97055 

9.99BOS 

8.g7?86 

11.02.715 

10.00191 

1« 

z: 

3.9722: 

).99go3 
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b.9755t> 

11.03444 

10.00193 

11.0.637 

J' 

8.97496 
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3.981(8 

I..0164Z 

IO.002O0 

.1,01843 

10 

8.s8zS( 

).9979a 

d. 98^90 
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12 
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!i.9S753 
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iV 

2 

^,01163 
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ID.  86  806 
10.86711 

10.00390 
10.00391 
10.00393 
.0.0039; 
10.00397 

.0.S7481 
10.87388 
10.87294 
10.87201 
.0,87108 

'9 
18 

>J 
'4 
'3 
12 

9.iz985'9.996oa 
9.1507S9.996C0 

9.13384 
9.13478 
9-'3J73 
9.136157 
9.13761 

10.86616 
T0.86522 
10.8642; 
'0.86333 
10.86240 

.0.00399 
10.00400 
10,00402 
1 0.00404 
10,00405 

10,87015 
.0.86922 
10.86829 
■0,86737 
,0.86645 

9.132639.99596 
9-"3355|9>9959S 

9- '3447 
9-'3i39 
9.13630 
9.13722 
9.13813 

g.  13904 
9-' 3994 
9.1401*5 

9.i426£ 

9,14356 

9  99593 
9.99591 
9.99589 
9.99582 
9.99536 

9.13854 
9.13948 
9.14041 

9.14134 
9.142^7 

to.86146 
( 0.8605  2 
10.85959 
■  Q.85S66 
10.85773 

r  0.00407 
10,00409 
.0,00411 
.0.00412 
10,00414 

.0.86553 
10,86461 
10,86370 
,0.86278 
10.86187 

9 
8 

I 

S 
4 
3 

9.99584 
9.99582 
9-99581 
9-99579 
9-99S77 
9'9957? 

9.14320 

10.85680 
10.85588 
io.85496 
10.S5403 
,0.853,2 
10.85220 

10,00416 

10.00418 
.0.D0419 
10.00421 
10.004*3 
10,00425 

10,86096 
10.86006 
10.85915 
10.85825 
10.85734 
10.85645 

9.14504 
9.14597 
9,14689 
9.14780 

Sine. 

T„j. 

Secant. 

82  Z>.^,.,.. 

m 

J 

■ 

Hf 

'[ 

4-40    ] 

a^m 

A  Table  of  Artificial  Sines,                      ' 

i 

0 

Sine. 

Tang. 

Secant. 

— 

g-Hi!*^' 

9-9057; 

9.147  So 

To.S;2;o 

9,00425 

,0.8i6„ 

60 

9,14«--^ 

,0.851^9 

0,00427 

'°S5;;s 

?P 

-2 

9.'i4963 

10.85037 

0.00428 

10.85,65 

S« 

1 

9..i505^ 

10.84946 

0,00430 

.0.85376 

" 

4 

9-14714 

9.99568 

9.15145 

10,84855 

0.00432 

10.S5286 

!0 

9.14803 

9,99566 

9.,i5Z36 

.0,84764 

0.00434 

.0.8515; 

9.14392 

9.99565 

9,15327 

10.84675 

0.0043; 

■0.85109 

H 

7 

9.l4gMQ 

g-iyjSj 

9.15417 

10,84583 

0.00437 

10.85010 

11 

9.15069 

9.99561 

9.15508 

-0.84492 
io,p440Ti 

0.00439 

10.84951 

>* 

9 

9-'5'57 

9,99559 

9.1559? 

0.00441 

■  o.8,S,j 

so 

9.1534; 

9-59i57 

9.156BB 

.0.8+3.^ 

0.00443 

■0-S47iS 

II 

9-'S333 

9,995  ;6 

9.15778 

c.004^5 

10.84667 

« 

12 

9.154^1 

9-99!  ?•! 

9..5«67 

'o.84'33 

0.0044b 

10.8,579 

t» 

M 

9.15508 

9,9955? 

9- '59  57 

10.84044 

0.00448 

10.84,91 

47 

' 

'4 

9,15596 

9.99550 

9. 1 6046 

10.83954 

o.oo^jo 

10.84,04 

,6 

q.,.5&Sl 

9  99548 

9.1613s 

10.83865 

10,00451 

10.84517 

tf 

ifil9-'S77° 

9,99546 

9.i6za^ 

1D.00454 

10.84130 

41 

■7|9-i585> 

9'99I45 

9.16312 

10.00455 

10.841,3 

4i 

9.1594,, 

9.9954; 

9.164.01 

.0.83599 

10.00457 

10.84057 

li 

'9 

g.  16030 

9,99541 

9.16+89 

.o.83!n 

10.00459 

.0.83970 

4' 
40 

9.16116 

10.83423 

10,00461 

10.83884 

Zl 

9,162:51 

9-99537 

10.83315 

10,00+63 

.0.83797 

i? 

zz 

9.16231 

9-99535 

9- '67s; 

.0.83747 

.0,00465 

10.837,! 

)» 

Z! 

g.16374 

9-99^3: 

9..  6850 

10.83159 

.0.00467 

10.83626 

IT 

24 

z? 

9.16460 

9.9953Z 

9.16928 

10,83072 

10,00468 

10.83540 

!' 

g.r6;^; 

g  99550 

9.17016 

10,82984 

10.00470 

10.83455 

!i 

9.16671 

9  09!^8 

^.  1 7 '  03 

10  004-:  2 

14 

27 

9,99536 

9,17190 

10.00474 

,o.Sj  =  8» 

11 

g^qs^' 

10  8.-^3 

10,00476 

It; 

9,995;! 

10.82617 

10.00478 

10.851,, 

1' 

30 

9,16970 

9.99520 

9.17450^10.82550 

10.00480 

10.83030 

P 
3 

Sine. 

T.ng. 

Secant. 

gl    A-^;.-«..                                                    1 

^m 

_      -                            ^^^^ 

m 

m 

!^        [  44.  ] 

^ 

Tangents,  and  Secants. 

8   Dtgrns. 

T»og. 

- 

30 

Sine. 

Secant. 

9 

1697c 

5.99,-20 

9.17+50 

004  Bo 

io,33«3o 

82550 

31 

9 

•7"!$ 

^■995  iS 

9.17536 

10 

82464 

10 

004  8  2 

p  0.82945 

29 

3- 

9 

'7>39 

9.99s '7 

9.17622 

10 

8^378 

10 

00484 

<o.8286i 

28 

33 

9 

i7«j 

9-995 '5 

9.17708 

10 

82292 

10 

0048; 

.0.82777 

27 

34 
35 

9 

'7307 

•>99;'3 

9.17794 

10 

82206 

10 

00487 

10.82693 

26 

. 

9 

'739' 

-7.995" 

9.17880 

w 

82(20 

^ 

00489 

.0,82609 

36 

9- 

17471 

7.99509 

9.17966 

ro 

82035 

10 

00491 

■082526 

24 

37 

9- 

'7SS8 

9.99507 

9.iao;.i 

81949 

10 

00493 

10.82442 

^3 

38 

9- 

.764. 

.1.99505 

9..S.36 

10 

8.364 

10 

00495 

■  0.82359 

39 
40 

9- 

'77H 

9-99503 

g.HTJii 
y. 18306 

10 

81779 

10 

00497 

10.82276 

2 

. 

9- 

17807 

Z 

8.694 

^ 

,0,82.93 

9.99501 

00499 

+> 

9- 

7890 

9.99499 

3.18391 

ID 

3.609 

10 

00501 

10.82111 

'9 

+2 

9- 

7973 

9-99497 

9.18475 

81525 

00503 

10.82027 

18 

+3 

9- 

■80s  5 

g.9949t 

9.1 8560 

10 

8. 440 

CO 

00505 

10,8.94; 

17 

45 

9; 

,8,57 

9-99494 

9.18644 

10 

8.356 

lO 

00507 

10,81863 

16 

9- 

iSzzo 

3.99492 

.3..  8728 

10 

8.272 

00508 

.0.8,780 

+6 

9- 

'Sjo; 

5.99490 

9.188.2 

10 

81133 

10 

C0510 

10,8.698 

'4 

47 

9- 

83S3 

9.99488 

9.18896 

10 

S.104 

005,2 

10.81617 

13 

48 

9- 

8465 

g.99486 

9.18979 

10 

81021 

10 

005  M 

.o,8i;,j 

49 

9- 

SS47 

9.9948^ 
9.9948: 

9.19063 

10.80937 

10 

00516 

.0.8,453 

!; 

9: 

S6z8 

I  080854 

10 

00;  1 E 

10,81372 

.9.19146 

S' 

9- 

8709 

9.9948^ 

7,19229 

10.80771 

0052  c 

'0.81291 

9 

S2 

9- 

S79C 

9.99478 

g.19312 

10 

80688 

005 ;: 

10.81210 

8 

S3 

9- 

887, 

9.99476 

9-'9395 

10 

80605 

10 

00524 

10.81129 

7 

S4 

9- 

8951 

9.99474 

9.19478 

10 

80J22 

10 

00526 

10,81048 

6 

S 

9": 

9033 

9.9947! 

9.i9?5i 

.0 

80439 

10 

00528 

10.80968 

56 

9- 

911J 

9.9947c 

9.19643 

10 

80357 

cos  30 

,0.80887 

4 

57 

9- 

9'93 

9.9946S 

9.1972; 

10 

80175 

.0 

00532 

10,80807 

3 

S8 
59 

9- 
9- 

9»73 

9.99466 
0.99464 

9.19S07 
9.19889 

!o 

80193 

Sol  11 

10 

00534 
coc;6 

10.80727 
10,80647 

I 

9353 

60 

9- 

9435 

9.9946; 

9.19971 

,a.Soo2o 

10.00538 

10.S0567 

S 

Sine. 

Tang. 

Secant. 

Degrees. 

Si 

~-— ; 

1 

1 

• 

1 

■ 

1 

a 

1 

^ 

T         - 

^H 

■ 

1 

A  Tabic  of  Artificial  Sines, 

9  Dfgrcei. 

gl     - 

0 

3 
■> 

S 
6 

7 
8 
9 

'3 
M 

;2 

'9 
*3 

z8 

29 

30 

bine. 

9-'9+33 
tJ-'95'3 
9-'9S95 
9.11)672 
9.19751 

9.99462 
9;  99+60 
9:99458 
9.99456 

9-994-54 

9-19971 
9.10053 

9.20216 
9.20297 

lo.Soo2g 
10.79947 
IO.79H66 
10.7978+ 
10.79703 

10.00540 
10.005+2 
10.00544 
10.00546 

10.S0567 
10.80487 
10.80408 
10.8032? 
10.80249 

So 
9 
i 

7 
6 

9.19S30 
g.,9909 
■9.1998b 
9.ZO067 
9.IOJ45 

9.99452 
9.99450 
9.9944s 
9.99446 
9.99444 

9.20378 
9.20+59 
9.20540 
9.20621 
9.20701 

10,79622 
.0,79541 
.0.79460 
"0-79379 
10.79299 

10.005+8 
10,00550 
10-00552 
10.0055+ 
10,00556 

'0. 80170 
to.  80091 
10.80012 

10.79933 
.0,79855 

S 
4 
3 

0 

7 
6 

1 

9.Z0323 
9.ZOJ02 
1.20380 
9.20458 
9.ZOSJ5 

9.99442 
9.99440 
9.99+38 
9.99+36 
9-99434 

9.20782 
9.20S62 
9.209+2 
9.21022 
9.21102 

.0,7921s 
10.79138 
io.79058 
10.7897S 
10.78898 

10.00558 
T  0.0560 
10.00562 
10.00564 
10.00566 

.0.79777  5 
to.79698  4 
10.79620  4 

10.79542  4 
.0.79465  4 

9.20613 
9.10691 
9.20768 
9.20845 
9.20922 

9.99432 
9.99430 
f).99427 
9.99425 
9.99.V23 

9.11182 
9.21261 
9.21341 
9.ZI420 
9.21499 

10.78819 
,0.78739 
10.7866c 
1078580 
I0.7S501 

10.0056a 

10,00571 
IO.CO572 
10.00575 
10.00577 

.0.793S7  1 
■0.793.-9  { 
10.79232  4 
10.7915;  , 
"0.7907S  t 

9.2.229 

9.21306 

9.99421 
9.99419 
9.99+17 
9.99415 
9-994' 3 

9.21578 
9.21657 
9,21736 
9.218.4 
9.21893 

'078343 
10.78264 
10.78186 
16.78107 

.0,00579 
10,00581 
.0.005,83 
10.00585 
IO.OO5B7 

10.79001  + 
io.78<:2..  , 
10.7884^  , 
'0.7S77.  , 
.0.78^,95  3 

9.2.382 

9.zi4;S 

9-2' m 

9,11610 

9.Z16S; 

9.II76I 

9.99411 
9.994.09 
9.99407 
9.99405 
9.994*2 
9.99400 

9.21971 
9.22049 
9.22127 
9.22205 
9.22233 
9,22361 

10.78029 
10.77951 
10.77873 

T  0.77795 
10.77717 
10.77039 

10.00  5  8g 
10.0059. 

.o.odfgS 
10.D060C: 

10.78618 
10.7854^ 
0.71)466 
0.78390 
0.78315 
o.78«3p  ; 

Sire. 

Tang. 

Secant,     J 

So  Dtgmj. 

■ 

1 

[■(43 : 


Tangents 

and  Secants. 

9  n>zrus. 

Sine. 

Tang. 

Secant. 

9.2176. 

9.99400 

9.22361 

.0.77639 

10.0=600 

.0.73339 

30 

V 

9.2. B3f 

9.9939S 

9.22438 

10.77562 

.0.00602 

.0.78164 

zq 

\^ 

9.2(9.2 

9.99396 

g.22Slb 

[0.774S4 

10.00604 

10.7808a 

28 

n 

9.71987 

9 '99394 

9.22593 

10.77407 

10,780.3 

S'!- 

9.2jo6a 

9-9939- 

9.22670 

10.77330 

10,00608 

,0.77938 

9.99390 

9.22747 

.0.77253 

io.oc6io 

'0-77863 

,b 

9.9938S 

9.22824 

10.77176 

10.00613 

;  0,77789 

24 

17 

9.Z2286 

9'9938s 

g. 22901 

10.77099 

.0.00615 

10.777.4 

*3 

It 

9.12361 

9-99383 

9.22977 

10.77033 

■  0.77639 

39 

9.2243; 

3.99381 

9.33054 

10.76946 
10.76S70 

10.0061 9 

.0.77565 

~ 

9-99379 

9.23.30 

10,0067; 

f 

9.22583 

9.99377 

9.23207 

10.76794 

10.0062^ 

.0.77417 

'9 

4.3 

9.22657 

9-99375 

9.23283 

10.767.7 

10.0062; 

10-77343 

.8 

+1 

9.2273. 

9-99373 

9.33359 

10.7664. 

10.00628 

.0.77269 

'7 

44 
4^ 

9.22805 

9.99370 

9-^3435 

10,76566 

[  0.00630 

.0.7;. 95 

■5 

9.22878 

9.99368 

9.73510 

10.76490 

10.00632 

.0.77.22 

+6 

9,21952 

9.99366 

9.23586 

10.76414 

10.00634 

J  0.77048 

'4 

47 

9.23025 

(J.99364 

9.23661 

10.76339 

10.00636 

10.76975 

M 

48 

9.33098 

9.99362 

9-23737 

10.76263 

10.0063S 

■  0.76902 

49 

g.23171 

9-99355 

9.23812 

10,00641 

~ 

9,23887 

10.76.13 

.0.76756 

1' 

9-^3J'7 

9-9935  S 

9.23962 

1 0.7603  s 

.0.00645 

.0.766S3 

9 

1^ 

9.23390 

9-9935- 

9.24037 

.0.75963 

9-9935' 

9.24113 

.0.75888 

10,00649 

10.76537 

S4 

9-'3S35 

9-9934? 

9.241B7 

.0.758.4 

10.00652 

10.76465 

6 
5 

9.23607 

9.99346 

9.24261 

10.75739 

10.00654 

.0.76393 

J'' 

^.^^bt^ 

9-9934i 

9-=4335 

10.75665 

10,00656 

10.7632. 

4 

!;7!9-237S  = 

9-9934» 

9.24410 

10.75590 

10.76248 

3 

58,9.2.382. 

9.99340 

g.2448. 

10.75516 

.0.00660 

10.76176 

10.75442 

10,00663 

io.76105 

60 

9.23967 

9-99335 

9.24632 

10,75368 

.0.00665 

(0.76033 

° 

Sine. 

Tans. 

Secant. 

i 

80 

Jicgrca, 
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v/i    JiiLm^-iai    .J11H.J, 

2 

Sine. 

Tang, 

Secant. 

II 

9.23967 

9-993K 

9.24632  T0.7336S 

.0.00665 

10.76633 

1 

9,2403; 

9.9933: 

9.2470610.7529. 

.0.00.67 

.0.75961 

9 

2 

9.I  +  1I0 

9-9933' 

9.24779,10.75221 

10.00669 

10.75890 

X    ' 

■ 

7 

4 

1 

9.14:5:! 
9.2432, 

9,99316 

9,24926ji6.7so74 

10.00674 

'°-7S747 

y.  993  24 

9.25oco:io.75ooo 

10.00676 

.0.75676 

? 

9.2439,- 

').'J9iZ2 

9.2;o73,io.74927 

.0.75605 

9.244611 

9,99320 

9-^5'4^'°-74SS4 

10.00681 

'0-7S534 

i 

9.24536 

4.99317 

9.3521910.7.178. 

10,00683 

' 0.7 5464 

9 

9,24607 

9.99315 

9.2529;  10.74708 

10.0068; 

'0-7S39J 

10.75322 

- 

9.24678 

9-993  >  3 

g.25365 

10.74635 

10.00637 

11 

9.247+8 

9,99310 

9-^5437 

10.74563 

io.oo6gc 

10.75252  4 

g 

12 

9.24818 

g.99308 

ro.74490 

iox>o69r 

i 

9,2488* 

9.99306 

9-255B2 

10.744.8 

10.00694: 

'4 

9,24958 

9.99304 

9.25655 

'0-7434S 

io-oo5g6 

10,75042  fl 

6 

9.25028 

9.99301 

9^S7^7 

10.74273 

10,00699 

10.74972  4 

9,25098 

9,99291 

9.25  79; 

10.74201 

10.7490*  4 

■ 

'7 

9,25168 

9.99297 

9.25871 

10.74125 

10.00703 

1 0.74832  , 

■ 

lE 

9.25237 

9  99294 

9,2594; 

1074057 

10.00706 

'9 

9.25307 

9.99292 

9,26015 

10,73985 

10.00708 

.0.74693  4 

9'Z)j76 

9.99290 

9.26DS6 

10.73914 

10.0071c 

0.74624  4 

9.2544; 

9.99288 

9.26K8 

10.75S42 

10.00713 

o-7455%  3 

1 

22 

9.25514 

9.9928; 

9,26229 

10.73771 

10.0071"; 

0.74486  3 

1 

^1 

9-25583 

9.992  S3 

9.Z6301 

10.73700 

10.0071; 

°744'7  3 

^4 

1- 

9.25652 

9.9928  r 

9.26372 

.0.73628 

,0.007,, 

0,^4348  3 

9.25721 

9.9927S 

9,26443 

.0.735;- 

10.00722 

0.74779  J 

925790 

9.99276 

9,26514 

io.73,t«6 

T0.C0724 

0.74210  3 

1- 

^7 

9-:58i3 

9.99274 

9-26585 

10.73415 

10.C0726 

0.74142  3 

289-^59" 

9.99:71 

9.26656 

10.7334? 

10.00729 

0.74073 

' 

29'9.i!9').i|9.9y2;o 

9.36726 

ID.73274 

(C.0073' 

0.74005 

■ 

go  g.zfio£>3 

9(95=07 
Sine, 

9.26797 

10.73.03 

10.00733 

°  74537. 

1 

Tang. 

Secant. 

79  ZJ'.^m. 

I 

p 
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"S 

Tangents,  and  Secants. 

10  Dtgrtti. 

30 
3' 

32 
33 
34 

35 
36 
37 
3S 
39 

40 
4' 

43 
44 

ii 

47 
48 
49 

so 
S' 

s» 

53 
54 

55 

I' 

58 

Sine. 

Tang. 

Secant. 

30 
29 
28 

26                 ; 

9.2606: 
9.26131 
9.26199 
9.26267 
9.2633s 

9.99267 
9,99264 
9,99262 
9.99260 
9.99257 

9-26797 
9.2686; 
9.26938 
9.27008 
9,27078 

10.73203 
10.73133 
10.73063 
■  0,72992 
10,72922 

10,00733 
10.00736 
.0,00738 
10,00740 
.0.00743 

'073937 
.0.73869 
10.73801 
10-73733 
0.7366s 

9.26403 
9.26+70 

9.26605 
9.2667:" 

9.99255 
9-99253 
9.99250 
■J.  99248 
9.99245 

9.27148 
..27218 
3.27288 
9.z73!7 
3,27427 

10.72852 
10.72782 
10,72712 
10.726+3 
10.72573 

10,00745 

10.00750 
10.00752 
10,00755 

0-73S97 
0.73530 
0.73462 
0-7339S 
0,73328 

*5 
24 
*3 

22 

'9 
18 
'7 
16 

'S 

'4 

I     i 

9                    ■■ 

8 

9.26739 
9.26S07 
9.26873 
9.26940 
9.2700; 

9.99243 
■J-9924' 
9,99238 
J.99136 
9.99234 

9,27496 
9.27566 
9.27635 
9.27704 
3'27773 

( 0.7  2504 
10,72434 
10,72365 
10.72296 
10,72227 

10.00757 
10.00759 
10,00762 
10,00764 

0.73261 
0.73193 
0,73127 
0.73060 
0.72993 

9-27071 
9.27140 
9.27206 
9.37273 
9.27339 

9.99231 
9.99229 
9,99126 
9.99224 
9,99221 

9.27842 
9.27911 
9.27980 
9.28049 
9,28117 

10,72156 
10.72089 
10,72020 
10,71951 
.0,7.883 

10,00769 
10.C0771 
10.00774 
10.00776 
'0,00779 

0.72927 
0,72860 
0.72794 
0,727^7 
0,72661 

9.2740; 
9.27471 
9.27587 
9,27602 
9.27O6S 

9.99219 
9.99217 
9-992  M 
-i.99212 
9.99209 

9:28186 
9.28254 
9,28323 
y.28391 
9.28459 

10,71814 
10.717^.6 
10.71678 
10.71609 

[o.7i54_i 

10,00781 
10.00783 
.0,00786 
10,00788 
10.00791 

0,72595 
0.72529 
0.72463 
0.723,8 
0,72661 

9' 27  731 
9.27799 
9.J7864 
9.37930 
9.37995 
9.2806c 

9,99207 
9.99:04 
9,99102 

q.Q920c 

g. 99 197 
9.9919; 

9.28527 
,.28595 
9.28661 
9.18730 

10.71473 
10.71405 

10.00793 
10.00796 
10,00798 
.0,00800 
10,00803 
10.00805 

0.72266 
0,72101 
0.72136 
0.72070 
0,72005 
0.7  1940 

10.71270 
10.71202 
10.71135 

Sine. 

-Tang. 

Secant. 

79 

1 

G 

J 

k 

1 

H 

^^ 

A  Table  of  Artificial  Sines, 

II    Digitei. 

I    Sine. 

Tang. 

Secant. 

0  g.j8o6oi).99igs 

.28865 

0.00S05 

0.71940  fi 

I 

.131259.99192 

-1^933 

0.71067 

0.00808 

0.71875  s 

2 

.181909.99190 

.29000 

0.71000 

o.oo3io 

0.7.810  s 

. 

1 

.281549.99187 

,29067 

0.70933 

0.00813 

0.71746  s 

h 

4 

1 

.28319 
.28384 

9,9918s 

■29'3+ 

0.70866 

0.00815 

0.71681  s 

! 

9.99182 

.29201 

0.70799 

0.00818 

0.71616  ; 

ii 

6 

j.28448  9.99i8oj 

;).2g268 

10.70732 

0.00820 

0.7ISSJ  S 

7 

...8^,2 

9.99177 

'■29.13f 

J  0.7066; 

0.00823 

0.71488  s 

..28^77 

9.99175 

10.7OS9S 

0.00825 

0.71423  5 

9 

J.2K641 

9.99172 

9.29468 

10.70532 

0.00828 

0-7U59  S 

5.28705 

9.99170 

9-Z9S3; 

10.70465 

10.0083c 

0.7129;  s 

J.2S769 

9.99167 

1.2960? 

10.70399 

:  0.00833 

0.71231  4 

11 

,.288,. 

9.99165 

,.29668 

ro.70332 

0.00835 

0.71 167  4 

n 

5.28896 

9.99161 

9-^973  + 

10.70266 

10.00838 

10.7 U04  4 

M 

j.2a96o 

9.99160 

9.29800 

IO.70Z00 

.0.00S+0 

0.71040  ( 

9.29DH 

9.99157 

9.29866 

10.70134 

10.00843 

'O.70976  4 

16 

9. 290^7 

9.9915; 

9.29932 

10.70068 

10.D084; 

10.70913  4, 

'7 

g. 291 50 

9.9915. 

10.70002 

10.00B48 

10.70850  4 

itt 

9.29114 

9.99150 

9.J0064 

10.69936 

10.00850 

10.70786  4 

ly 

9.29277 

9.99147 

9.30130 

10.69871 
.o.6gSo; 

10.00853 

10.70735  4 

;c 

9.29340 

g.99145 

9.30195 

10.00855 

10.70660  4 

Zl 

9.29403 

9.99142 

9.30261 

10.6973c 

10.00858 

10.70597  3 

1 

Z2 

9.29466 

9.99140 

9.30326 

,0,69674 

10.00860 

107P53+3 

1 

Zl 

9.2952. 

9.99137 

9.30391 

10.69605 

10.00863 

10.7047  I  3 

24 

9.29591 

9.9913? 

9-30+S7 

10.69543 

10.0006; 

10.70409  3 

IS 

9.29654 

9.991,2 

9.30522 

.0.69478 

10.00868 

.0.70346  3 

9.29716 

9.99130 

9.30587 

10.60413 

10.00871 

10.7028+; 

17 

9.2977! 

9.99127 

9.30652 

10.69438 

to.  00873 

io,7p2?i3 
10.70158  5 

9.2984 

9.9912^ 

9'307'7 

10.69283 

10.00876 

;  ■ 

" 

9.2990319.99122 

9.30782 

10.69218 

10.0087S 

IP7P097  : 

JO 

9. 29966 

9.991 19 

9.3084C 

10.69154 

lo.ooSSi 

1  a  7003  5. . 

Isine. 

Tang. 

Secant;   ^ 

1                                             7» 

Lkims. 

- 

[  447             '^^^* 

■ 

Tangents,  and  Secants. 

11   Dt^fts. 

S 

^o 

Sine. 

T«ng. 

Secant. 

- 

9.29966 

9.99119 

9.30846 

10.69154 

1 0.0088  z 

10.70035 

9.30028 

9.99117 

9.30911 

10 

byobg 

10.008S3 

■0.69972 

^^ 

g.30090 

9.9911. 

9-30975 

10 

Uy«25 

10.00886 

10.6991 1 

V 

9.30151 

9.99111 

9.31040 

.0.00889 

10,69849 

17 

34 

9.30213 

9.99109 

9.31104 

.0 

68S96 

10.00891 

10.69787 

z6 

9-30^;; 

g.99106 

9.31169 

10 

68S32 

10.00894 

10.69725 

16 

9.4°J3& 

9.99'04 

9-3 '233 

.0 

6i;767 

10.00896 

10.69664 

24 

17 

9.30390 

9.99101 

J.  3. 297 

{58703 

10.00899 

J3 

1' 

9-304S5 

9.9909c 

9.31361 

10.00901 

.0.69541 

ti 

J9 

40 

9.30i2' 

9.99096 

9.31425 

LU 

6a575 

10.00904 

.0,69479 

20 

9.30582 

9.99093 

9.31489 

ro 

6B512 

10.C0907 

,0.6941s 

9-30^43 

9.99091 

9.3.552 

.u 

6844S 

.0.00909 

,o.6j357 

14 

41 

9.30704 

9.99088 

j,3i6i6 

10 

68384 

10.009  12 

10,69290 

41 

9.3076s 

9.990^6 

9.31680 

10 

6832, 

IO.CO9I5 

□,69235 

'7 

44 

4'i 

9.30826 

9.99083 

9-3 '74: 

10 

CB257 

10.00917 

10.69174 

■T 

q.,oS8- 

g. 99080 

9.31806 

ro 

68i94 

.0.00920 

10.69113 

46 

9-30947 

9.99078 

9.31870 

10 

10.00922 

10.69053 

'4 

47 

9.31008 

9.99075 

9-3'93' 

.0 

10,00925 

10.6S991 

M 

4E 

9.3.o6< 

9.99072 

^.31996 

10 

68004 

.0.00928 

10.68931 

49 

TO 

9.31129 

9.99070 

9.32059 

67941 

10.00930 

10,68871 

- 

9.1, 1  8q 

9.99067 

9.32121 

67878 

.0.00933 

10.68811 

^1 

9.3. z,o 

9.99064 

9.32185 

LO 

W«M 

10.00936 

10,68751 

9 

9.31310 

9.99062 

9.32J4S 

10 

6775^ 

10.00938 

.0,68690 

8 

9.31370 

9.99054 

9.32311 

10 

.0.00941 

7 

S4 

9'3'43o 

9,99057 

93^373 

lu 

.0,00944 

10.68570 

9.31490 

9.99054 

9.32436 

.0 

67564 

.0.00946 

10.68510 

t6 

9.31550 

9.9905 1 

9.32498 

10 

67502 

IC.OO949 

10.68451 

4 

?7 

9.31605 

9.99045 

9.31561 

10 

67439 

10.00952 

0,68391 

1 

ii 

9.3.66( 

9.9904^ 

9.32623 

10 

67377 

000954 

0.683,. 

(1 

9.3.728 

9.9904] 

9.32685 

1;7-3I5 

1000357 

60 

9.3. 78S 

9.99040 

9-31747 

.0.67253 

lO.OO^tO 

0 

Sine. 

T-g. 

Secant. 

E 

78  Degresi.                                             j 

. 

i   * 

K 

t 

1 

p 

1 

m 

r 

r 

T 

m 

1 

1 

w 

A  Table  of  Artificial  Sines, 

■ 

i 

1 

o 

Sins. 

Tang. 

Secant. 

! 

9,31788 

9,9904c 

9-3»747 

10.67153 

0.00960 

io.6g>i2 

60 

I 

9.31847 

9,99038 

9.33810 

10 

67191 

0.00963 

10,68153 

S5 

3 

9,31907 

9-9503  s 

9,32871 

67129 

10.00965 

,0.68095 

58    J 

3 

9.31966 

9.99032 

9'32933 

10 

^7067 

10.00968 

.0.6B034 

!?    ■ 

4 
5 

g.jzojj 

9.99030 
9,99017 

9-32995 

10 

67005 

10.0C970 

10.67975 

a 

m 

g.jio8+ 

?-33057 

a 

^6943 

10.00973 

10.67916 

m 

ft 

9-3^H3 

9.99024 

9-33'i9 

10 

66SBi 

10.DO976 

10.67857 

?^^^| 

7 

9,31302 

9.990Z1 

9,33180 

10 

663  20 

10,00978 

,0.67798 

^^^^1 

S 

9,3Z25i 

9.99010 

9.33241 

10 

66758 

10,00981 

10.67739 

s*^^^ 

9 

9-3^319 

9.95016 

9-33303 

10 

66697 

10.00984 

10.67681 

ll 

9,31378 

9.99013 

9-333iSi 

10 

66635 

10,00987 

10,67633; 

1 1 

9'3H37 

9,99011 

9.33416 

lo 

66574 

10,00989 

10.67563 

]^n^H 

IZ 

3-3H95 

9.99008 

9-33497 

'9 

^5'3 

10,00991 

10,67505 

ft^H 

'3 

9-3S5S3 

9.99005 

9-33I48 

6645. 

10.00995 

1 0.67447 

"4 

9.31611 

9.99003 

9.33609 

10 

66391 

10.00993 

10,67388 

*< 

m 

1.32670 

9.99000 

9,336;^ 

66330 

10.01000 

,0,67330 

i 

m 

I6 

9  3I7ZS 

9.98997 

9-3373' 

66769 

10.01003 

10.67172 

■ 

'7 

9.32786 

9.9S994 

9.33792 

10 

66308 

10.01006 

10.67114 

1 

iS 

9.32844 

9,98992 

9-338!  3 

ro 

66147 

10,01009 

10.67156 

43 

'9 

9.33901 

9,9^089 
9,98986 

?-339i3 

to 

66087 

10,01011 

10,67098 

4' 

5, 37960 

9-3397  4 

10 

66026 

10,01014 

(0,67040 

31 

9.33018 

9,98983 

9-34oy-1 

lo 

65966 

10,66982 

39 

2i 

9-33075 

9'9«98c 

9.34095 

ro 

65905 

10.01010 

10,66935 

38 

ai 

9.3IM? 

9,98978 

P-J4'>5 

10 

65845 

10,01011 

10.66867 

37 

■ 

14 

9.33190 
9-;3-4S 

9-9^97! 

9,34116 

'O 

65785 

10.01025 

ro.668.0 

36 
35 

9.9897: 

9.34176 

Z 

65714 

10,0102s 

,0,66751 

jO 

9  133°? 

9.9S969 

9-343lt 

65664 

io.01031 

■  0.66695 

H 

^^^ 

27 

9  333ft' 

9.98967 

9-34396 

65604 

.0.01034 

10,66638 

il^ 

iS 

9.^3420 

9^3846, 

9-344S6 

SS5*4 

10.01036 

10.66580 

^H 

' 

'9 

■5  3J477 

90896 

9.34516 

65484 

10.01039 

,0.66533 

^wM 

3  = 

9-33J3t 

9.9895 B 

9,34576 

10,6541; 

10.01043  10.66466 

r 

rang. 

Secani. 

1               1    jiiit. 

s 

1^ 

77   D.gn.s. 

■ 

L 

1 

1 

^^                   [  449  ] 

n 

i . 

- 

B 

» 

4^ 

42 
43 
44 

-Sine. 

Tatig- 

Secant. 

30 
'9 

28 

i? 

^5 
H 

;i 

'7 
16 

'5 
'4 
■3 

9 

8 

I 

5 
4 
3 

I 
0 

)-33S3+ 

)-33648 
9-33704 
9-3376' 

9-33818 
^.3387+ 
H3931 
?.3J987 
9.34043 

9-98958 
9.98955 
9-93953 
9.98910 
9-98947 

9-34S76 
9- 34^1 3  5 
9.34695 
9-347SS 
9.34814 

10.65+25 
10.65565 
10.65305 
10.65Z46 
10.651  86 

10.0104J 
10,01045 
10.01048 
10.01050 
10.01053 

.0,66466 
10,66409 
10.66353 

10.662i;6 

.6.66239 

9.9S944 
9,9894. 
9.9893!! 
9.98936 
9-989^3 

9-34874 
9-34933 
9.3+992 
9.15051 
9-35'" 

lo.e^rz? 
10,65067 
10.65008 
1 0.6^949 
,0.64889 

10.01056 
10,01059 
10.01062 
10.01064 
.0.01067 

10.66183 
.0.66126 
10.66069 
10.66013 
10.65957 

9.3410D 
9.34156 
9.34212 
9.3426s 
9-Jt3"4 

9.98930 
9.98927 
9.989*4 
9.989^1 
9.98919 

9.35170 
9.352*9 
9.35-88 
9-3S347 
9-3  54°  5 

■  0.64830 
io.6.t77i 
10.64712 
10.6^654 
1064595 

10.01073 

ID. 01076 

ID.65900 
i0.6;B44 
10.657S8 
10.65731 
1065676 

1 

).J433« 
»-3*43^ 
»-34+9' 
1'34547 
J.  3  4601 

9i9S9i6 
9.98913 
9.98910 
9.98907 
9-98904 

9.35464 
9'35S'3 
9-35581 
9.35640 
9.3569B 

10.64536 
10.5+478 
10.644.9 
10.64360 
i  0.6+301 

10.0.084 
10.01087 

la.oiogo 

.0.0.093 
.0.0.096 

.0.65565 
.0.65509 

.0.65+53 
10.65398 

1      ,■ 

i 

9.34658 
9-34713 
*-347^9 
),348i4 
>-34879 

9:98901 
9I98S99 
91.98896 
9.98893 
9.98890 

9.35757 
9-35S'5 
9-35873 
9-3593' 
9.35989 

10.64243 
10.6+.85 
ia6+i27 
(0.64069 
10.6401. 

10.01099 
10.01101 
.0.01104 
10.01107 
10.01110 

10.653+1 
10.65287 
.0.6523, 
10.6^176 
.0,6512. 

^349.H 
9-34^.89 
9.3.5044 

J.3S099 
9-35.>S4 
?-35»09 

91.98887 
9,-98  8  P4 
9.98881 
^.98878 
3-98875 
9.9887* 

9.36047 
9.36105 
9.36161 
9.361!  I 
9.36179 
9-56336 

10.63953 
■10.63895 
10.63837 
10,03779 
10.63721 
.0.63664 

iq,01113 

10.01116 
10.01119 
10.01  IZZ 
.0.0i.i5 
10.0.128 

10.65066 
10,65011 
io.fi49j;6 
10.64901 
10.64846 
10.64791 

— 

Secant. 

"r 

e 

Lrii..... ._.  .77^^-.       --^-  - 

■ 

H 

G  e   ? 

1 

^ 

[  45°  1 


~~ 

-■— 

13   Dfgrtfs. 

z 

Sine. 

Tang. 

Secant, 

_ 

60 

ft 
ss 

S4 
S3 

sz 

S" 

;o 

:i 

4! 
44 
43 
4a 
4' 

40 

!! 

!S 

34 
33 
3« 
i> 
30 

S 

-■' 

9.35209 
9.3526+ 

9.98S71 
9.9886g 
(1.98867 
9.96864 
9.98861 

9-36336 
9-3^394 
9-3645- 
9-36509 
9.36566 

10.6366+ 

L  0.63606 
.0.63548 
10.63491 
10.63434 

IO.O.J2S 

10.0M39 

10,6+791 
.064737 
10.6+682 
.0,64627 
.0.64573 

I 

7 
8 
9 

'3 

'4 

15 

i6 
'7 
iS 
>9 

33 

:i 

28 
19 
1° 

9-35373 
9'3S427 

i 

9-35482 
9-35536 
9.35590 
9.35644. 
9.35698 

9.98858 
9.98855 
9.98852 
9.9S849 
9.98846 

9.36624 
9.36681 
9-36738 
9-36795 
936851 

10.63376 
10.63519 
10.63262 
10,6320; 
10.63148 

10.01142 

.0.64518 
10.6446+ 
10.64410 
10.64356 

10.64302 

9-35752 
9.35806 
9-35860 
9-3!9'4 
9.35968 

9.98843 
9.98R40 
9.98S37 
9.98834 
9.9883, 

9.988:^ 
9.98B25 
9.98822 
9.988.9 
9.98816 

9  36^09 
g.36.,66 
9.37013 
.,.37080 
9-37'37 

10.63091 
IO.63OH 
10.62977 
10.62920 
IO.62S63 

10.011S7 
10.01160 
10.01  i6j 
10.01166 
10.01169 

.0.642+3 
ia.64194 
to. 64140 
10.64086 

1 0.6403  z 

9.360Z2 
9.36075 
9.36129 
9.36182 
9.36236 

9-37«93 
9-37^5° 
9.37306 
9-37363 
9.37419 

10.62807 
,0.62750 
10.62694 
10.62637 
10,62581 

10.01172 
.0.01.75 
10.01178 
.0.0.181 
.0.01.  84 

.0.63979 
10.63925 
10.63871 
.0.63818 
10.63764 

9.36»8. 
9.36342 

9-36395 
9.36449 
9.36502 

9.988.3 
9.988.0 
9.98807 
9.98804 
9.9880 

9-37476 
9-3753* 
9-37588 
9-37644 
9-37700 

10.62524 

ia62468 
.0.62+12 
10.62356 
10,62300 

10.0.187 
.0.01190 
.0.0.. 93 
.0.01.96 
.0.01.99 

10.637.1 
,0.63^58 
.0.6360; 
10.63552 
10.63+98 

5-36555 
9.36608 
9.36660 

9.36766 
9.368.9 

9.98798 
9.9879 
9.9879: 
9.987B9 
9.98786 
9.9878. 

9-37756 
9.378.2 
9-37868 
9-379'4 
9.37980 
9-37035 

.0.62244 
.0.62:88 
10.62132 
10  62076 
10.62020 
.06.96; 

.0.01205 
10.01208 

lo.oiiii 
10.01214 
(OOI2I7 

10.63++; 
10.63393 
10.63340 
10.63287 
10.63234 
.0.63182 

Sine. 

Tang. 

Secant, 

_ 

' 

* 

i 


1 

IV                   [  45> 

-^^ 

Ta 

ngents,  a 

f\f\  ■  ^#*rotitil 

lU     OCLctltl^ 

13   Degriet. 

- 

.Sine. 

Tang. 

Secant, 

JO 

^68 19 

9.987839.3803; 

.0.6.965 

.0.01 

217 

.0.63.82 

3c 

3' 

§.36871 

9-9878o;9.38o9i 

6ni09 

10.63.29 

29 

J« 

9-3''9*4 

9.98777 

9.38147 

6.853 

10 

0. 

223 

10.63076 

28 

3} 

9.36976 

9.96774 

9.3S202 

10 

6.798 

10 

0. 

226 

10.63024 

ij 

14 
35 

9.37029 

9.98771 

9.38758 

JO 

6.743 

(O 

0. 

229 

16.62972 

16 
25 

9.37081 

9.98768 

9.383'3 

10 

616S7 

^ 

Ti 

232 

10.62919 

36 

9-37^33 

9.98765 

9-38368 

61632 

[O 

01 

235 

10.62867 

24 

37 

9.37185 

9.98761 

9-38423 

6'577 

01 

^38 

■  0.62815 

*3 

38 

9-37^37 

9-987)9 

9-iS.,;9 

6.52. 

241 

10.62763 

39 
40 

9-37»«9 

9.98756 

938534 

.0 

6i4f.t) 

100. 

244 

10.62711 

To 

9>3734' 

998753 

9.^6589 

.0 

6>4M 

.0.0 

247 

.0.62659 

41 

9-373« 

9.98750 

9.38644 

6.356 

01 

250 

10.62607 

'9 

4* 

9■37^t5 

9.gR747 

9.38699  10 

6130. 

10 

0 

254 

.0.62^55 

■  8 

43 

9'37+97 

9-98743 

9.387541.0 

6.246 

2  57 

io.6»503 

'7 

44 

4! 

9-37549 

9-9874° 

9.3880B 

10 

61  192 

.0 

0 

.60 

10.62451 

.6 
15 

9.37600 

9-98737 

9.38863 

"Z 

61.37 

10 

0 

263 

.0.61400 

46 

9,37651 

9-98734 

9.3B918 

10 

6.082 

10 

01 

266 

.0,62348 

'4 

47 

9,37704 

9,98731 

9.38972 

10 

610ZB 

)0 

0 

269 

10,62297 

'3 

48 

9377S5 

9.98728 

9.39OZ7 

60973 

272 

I0.6124S 

12 

49 

5° 

9.37306 

9.9S725 

9.35081 

10 

60919 

10 

« 

275 

.0.62.94 

.1 

9-378S« 

9.987.7 

9-39136 

10 

60864 

.0 

0 

778 

10.62.42 

5' 

9.37905 

9.98719 

9,39.90 

10 

6dE.o 

10 

0 

7>1. 

10.62091 

9 

52 

9.37960 

9.98716 

9-39245 

10 

60755 

10 

0 

285 

10.62040 

8 

S3 

9.380.1 

9.987.2 

9.39299 

10 

60701 

0 

288 

io.6iq89 

7 

S4 
SS 

9.38062 

9.98709 

9-39353 

10 

60647 

10 

0 

291 

.0.6193S 

6 

s 

9.381.3 

9,98706 

9.39407 

10 

60593 

.0 

0 

294 

10.61887 

5*5 

9.38164 

9.9B703 

9.39461 

lo 

60539 

10 

0 

297 

.0.6.836 

4 

57 

9.38:15 

9.98700 

9-39S'S 

10 

6048; 

10 

0 

300 

10.6.785 

3 

S3 

9,38266 

9.98697 

9.39569 

60431 

3°3 

10.6.734 

59 

9-383 '7 

9,98694 

9.3962J 

10 

60377 

10 

0 

306 

.0.61683 

1 

60 

9.383(^8 

9.98690 

9-39677 

10.60323 

10 

° 

310 

.0.61633 

S 

Sinr. 

Tang. 

Secant. 

7b  Digr^c^. 

^H 

^^m-                r.  . 

■ 

r 

P 

t 

4 

■ 

■ 

^ 

■ 

f[    452   ] 

1 

A  Table  of  Artificial  Sines,                     ] 

S 

Sine. 

Tang. 

Secant. 

-M 

09.38568 

9.98690 

9-39677 

10.60323 

10.013,0 

.0,61631 

19-384.8 

9.9B687 

10.60269 

10,6,582 

9.9S684 

9-5978; 

10.6021; 

10.6,53. 

39.38519 

9.9S6S1 

9.39838 

10,61481 

1 

9.38570 

9.39892 

10.60108 

10.01322 

10,6143d 

9.38620 

9.98675 

3.39946 

to.  600?  5 

10.01325 

10,61380 

" 

9.33670 

9.9H07' 

9-39999 

10.60001 

,0.01329 

10.61330 

' 

r,.,S7^I 

q.q8bW 

9.40052 

10.59943 

10,0,332 

10.61179 

« 

<).3877r 

9.40106 

10-59*94 

10.0,335 

10,6.22^ 

Z 

9.33821 
9.38871 

940159 

10.59841 

ia.0.338 

10,61179 

3.93659 

9.40212 

10.59788 

,0.0,341 

10,61,29 

M  9.389., 

9,9ab^t 

9.40106 

10.S9731- 

10.61079 

9.38971 

r9.g86;2 

9.40j'S 

10,5968, 

,o.o,3^S 

io.f5io2g 

9.390ZI 

9.98645 

9-4037  i 

10.59628 

.0,0,35, 

,0.^0979 

H 

9.39071 

9.9S646 

9,40425 

,0,39575 

,0.01354 

10.60929 

9.39121 

9  98£^+.i 

9.40473 

10.595;: 

10.01357 

10.60879 

lb 

9.39170 

■7.98640 

9.40531 

,0  59469 

,0,0136, 

ro.60830 

17 

9.39220 

9.98636 

9-40SS-I 

10.59416 

,0.0,364 

to,6o?8o 

1} 

9.392709-98633 

9.406J6 

10.59364 

,0,0,367 

10.60731 

'9 

9.393,99,98630 

9-40689 

10.593,, 

10,01370 

10.6068) 

4J> 

20 

3-39369  9-9S6Z7 

9.40742 

10.59258 

10.01373 

10.60631 

40 

11 

9.394189,9862; 

5.40795 

10.59206 

10.60582 

12 

9.39467  9.9S6;c 

9  408+7 

10.59153 

10,01380 

,0.60533 

3B 

zi 

9-39S"7  9-98617 

g. 40900 

10.59100 

,0.01383 

10.60483 

1? 

H 

9.395669.98614 

9.40952 

10.59048 

,0,0.386 

.0,60434 

36 

2; 

9.39615  t).986ic 

9.41005 

10.58996 

10:01390 

10,60335 

U 

9.39664 

9.98607 

9.41057 

fo-;8o43 

,0.01393 

10,60336 

H 

9-:i97i3 

9.9^60* 

9.4110? 

10.5889, 

,0.01396 

10,60287 

2! 

9.3976a 

9.98601 

9,41162 

io58S3q 

ID, 6023s 

j,398n 

9,98597 

9-412M 

10.01401 

10,60189 

JO 

9.39860 

9.98594 

9.41266 

10,58734 

,0.01406 

10,60,40 

30 

1 

Sine. 

Tang. 

Secant. 

75   D<£r«.. 

[453] 


Tangents,  and  Secants.                          1 

.4  Dcgrn..                                                1 

a 

Sine. 

Tang. 

Secant. 

.39860 

9.98594 

9,41166 

0.5S734 

0.01406 

0.60140 

^399°^ 

9.08,-9  L 

9.413'8 

o.58fcKz 

0.01409 

0.60091 

29 

12 

J-3915S 

9.41370 

0.5S630 

0.01412 

0.60042 

.1.0006 

9.98584 

7.41422 

0.58578 

0.01416 

0.59994 

27 

34 

1-; 

J.4005S 

g.98581 
9.OSI78 

J.41474 

0,58526 

0.01419 

0.5994; 

*"! 

340104 

9,41526 

0.58474 

0.01422 

0.59896 

16 

J.40151 

9.98575 

9.41578 

d.58423 

0.01426 

o.;q848 

H 

17 

J.40101 

9.98571 

9,41629 

0.58371 

0.01429 

0.59800 

*1 

18 

j.4024t 

0.58319 

0.01432 

0.59751 

39 

9.40297 

9.9856; 

J-41733 

0.58267 

0.01435 

0.59703 

21 

4,9856. 

7,41784 

0.58216 

0.01439 

0.59655 

+1 

9.40394 

9,98558 

9.41836 

0.58164 

0.01442 

0.59606 

19 

4^ 

9.40441 

9,98555 

9,41887 

0.58113 

0.01445 

.o.S9j;8 

18 

1-4049= 

9.98551 

941935 

10.0,^49 

0.595.0 

4+ 

9.40538 

9,98548 

;.4i99o 

0.58010 

10.01452 

10.59462 

16 

'I 

9.40586 

998545 

9,41042 

0.57959 

0.01455 

10.59414 

46 

g.4063^[9,98s4' 

g.4209; 

0.57907 

9.40682 

J-98533 

9.4214. 

0.57856 

.0,0,462 

4* 

9.40730 

99853s 

g.42195 

0.57805 

.0.0146s 

49 
^0 

g.40778 

5,98531 

9.42246 

10.57754 

10,01469 

'0.59221 

10 

9.40815 

9.98528 

9.42397 

T0.57703 

10.0T472 

10.5917; 

<;' 

9,4087; 

).9852; 

9.42348 

10,57652 

10.01475 

10.59127 

9 

s^ 

9.40911 

,.9852, 

9.4239s 

10  57001 

10.0T479 

10,59079 

8 

11 

9.40968 

J.q85.a 

9.41450 

10.57550 

10.01482 

10.59032 

7 

54 

9,41016 
9.41063 

7,98515 

9.425C1 

10.57499 

10.01485 

10,58984 

9.98511 

9.42552 

10.57448 

10.01489 

10,58937 

^f 

9.4111 

).985o8 

9.42603 

10.57397 

10.01492 

10,5^889 

4 

17 

9.411; 

).98505 

9.42655 

10-57347 

10.0149; 

10,5884^ 

3 

If 

9.4120 

9.9850 

9.4^7C^ 

10.57296 

10.01499 

ia.5879; 

2 

W 

9.412s 

9.9849S 

9-4^75! 

fo.57245 

10.01501 

10,5874* 

I 

60 

9.4130^ 

9.98494 

9.41805 

.0.57195 

10,01506 

10.58700 

s 

Sine. 

Tang. 

Secant, 

75  Dc-^,-,a. 
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A  Table  of  Artificial  Sines, 

1 5  D^s^t.                                  T  - 

f 

\ 

Sine. 

Tang. 

_- 

Secant. 

^ 

9.41  JOO 

3-4' 3+7 
94'39+ 
g.41441 
9.414B8 

g.  9  8+94 
9.9*491 
9.98488 
9.g84R4 
9.98481 

g.41805 
9.42856 
9.42906 
9.41957 
9.43007 

10.57195 
10.57144 
r  0.57094 
10.57043 
10.56993 

10.01506 
10.01509 
10.01512 
10.01516 
10.01519 

10.58700 

losMsJ 
10.58506 
10.58559 
.0.58512 

10.5846; 
10.58,19 
10.5837a 

10.58325 
0.58278 

So 

11 

9-4 '5 55 

g.41582 
9.4.62*1 
9.41675 
9.41712 

9.98477 
9.98474 
9.98471 
9.98467 
9.98464 

943o>7 
9.43  loS 
9.43158 

9.43  Z08 
9-4-32SS 

10.56943 

'0.56893 
.0.56842 
10.5679^ 
10.56742 

10.01519 

10,01536 

1 

lo 

g.4i;6S 
9,41815 

9.4186: 
9.4igo8 
9.41954 

9.58460 
9.98457 
9.98454 
g.98450 
9.98447 

9,433t;S 
9'433!8 
9.43408 
9.43458 
3-43508 

10.56692 
10.56643 
10,56593 
10.56542 
10.56492 

10.01540 
ic.01543 

10.01547 
10.01550 
10.01553 

10.58232 
0.5818; 
0.58139 
0.58092 
0,58046 

; 

■159.42001 
169.4204; 

.l7]9.47og3 
:i89.4zi4o 
■(5^9.42186 

zo  9.42:3. 
»I9.4Z278 

«3,9-4^57o 
24:9.41416 

9.98443 
9.98440 
9.98436 

9-98433 
9.98429 

9.4355S 
^.43607 
9.43657 
943707 
9-4373^ 

10.56442 
10.56^93 
'0.56343 
10,56793 
10.56244 

10.01557 
10.01560 
10.01564 
io,oi;6; 
10,oi;;i 

0.57999 
0.57953 
0.57907 
0.57861 
0.57814 

! 

9-98426 
9.9842: 
9,98419 
9.9841!; 
9.98412 

g.43Bo6 
9.4385s 
9.45905 
9-4395-^ 
;,  45004 

T0.56194 
10.56145 
.0,56095 
.0,56046 
0.55996 

10.01574 

10.- ^-»5 
lo.ciiSS 

10  57768 
0.57722 
0,57676 
0,5763c 
0.57584 

+0 

li 
11 

1 

30 

9.41467 
9.42507 
9-4^553 
9-4-)99 
9.41644 
9.4:2690 

9.9S409 
g.9840; 
9.98402 
9-98398 
9'9839> 
9.98391 

9-4405,^ 
9.44102 
9.44151 
9.44201 
9.44250 
9.44299 

0.55947 
0.55898 
0.55849 
0  55799 
0.55750 
0.5570. 

10.P159: 
ro.01595 
10.01599 

IO.016DJ 

10.01606 

10.01609 

o.S;!19 
O.S749J 
0,57447 
0,57401 
o.573sfi 
0.57310 

35 
J4 
33 
3' 
V 
3° 

Sine. 

Tang. 

Se  ant. 

S 

- 

_J 

1 

IHMI 

m 

■ 

^         « 

H 

Tangents,  and  Secants. 

\ 

l;   Dcgriei. 

s 

3° 
3' 
3= 
33 

34 

35 
36 

15 

39 

40 
4> 

42 
43 

44 

45 
46 
47 
43 

I 

S' 
5* 

S3 

£1 

S! 
S' 
S7 
S3 

II 

Sine. 

Tang. 

Secani. 

30 

29 

18 

^7 
16 

25 
H 

23 

22 

'7 

'5 

'4 
'3 

9 

8 

I 

4 
3 

9.41690 
94^735 
9,42781 
9.42826 
9.42872 

5.98391 
9.98388 
9.98384 
3,98381 
9.98377 

9.44299 
9-44348 
9-44397 
9.44446 
9-44495 

10.55701 
10.55652 

10.55603 

'0-55554 
10.55505 

10.01609 
10.01611 
10.01616 
10.01620 
10.01623 

.0.57310 
.0.57265 
.0.572.9 
10.57174 
.0.57.28 

9.415 17 
9.41962 
9.43008 
9-43053 
9.43698 

9.98374 
t).93370 
9.98366 
3,98363 
9-98359 

9-44544 
9.44592 
9.44641 
9.44690 
9.44738 

10.55457 
10.55+08 
'0-55359 

.0.01627 

10.01630 
.0.01634 
10.01637 
10.01641 

.0.57083 
.0.57038 
10,56993 
10.56947 
10,56902 

5-43 '43 
9.4318S 
9.43233 
9.4327S 
S433=! 

9-98356 
9.98352 
9.93346 
9-98345 
9,0342 

9-44787 
9.44836 
9.448H4 
9-44933 
944981 

ro.5;zij 
.0.55164 
.0.55,16 
.0.55067 
io,5!Oi9 

10.0,6;, 

10.01655 
io.oi6;8 

10.56857 
■  o.;68,2 
10.56767 
10.56722 
.0,56677 

9-43367 
9-434' z 
9-43457 
9-4350= 
9.43546 

9.98338 
9-98335 
9-98331 
9.98327 
9.98324 

9,45029 
9.45078 
9.45126 
9.45174 
9-4S"3 

10.54971 

'"■SW" 
,0.54874 
10.54826 

10.54778 

.0.01662 
.0.01666 
.0.01669 
.0,01672 
ro.oi676 

10,56633 
.0.56533 
10.56543 
10.56498 
10.56454 

9-4359' 
9-43t'35 
9.43680 
9-437H 
9-43769 

9.9S320 
9.933.7 
9-933 '3 
9.98309 
9.98306 

945*7' 
9-453 '9 
9-45367 
9-454' S 

9-45463 

10.54729 
105,68, 
,0.54633 
.0.54585 
'OS4I37 

10.OT6B0 
10.01683 
10.01687 
.0.0.69. 
10.0.694 

10.56409 
10.56365 
10.56320 
10.56276 
1056231 

9-43813 
9-43^57 
9-4390' 
943946 
9-43990 
9.44054 

3.98302 
9.98299 
3.98295 
9.98291 
9.98188 
5.98284 

9-455" 

9-455  !9 
9.45606 
9-45654 
94570a 
9.45750 

.0.54489 
10.5444, 
,0.54394 
10.54346 
10.54=98 
,0.54^50 

,0.0.698 
10.OT701 
.0.01705 
10.0.709 
10.017.2 
.0.01716 

.0.56187 
.0.56143 
.0.56099 
IC.56054 
10,56010 
.D.55966 

Sine. 

T»g. 

Secant. 

1 

74  /J^gr«r. 

1 

^ 

^^^      [    ]      ^^5 

n 

^H\ 

L.        '            A  Tnblp  nf  Artifiriiil  Sinfis, 

1 

i6  Dtgreu. _. 

S|  .- 

^        1 

'^-1 

1 

2 

3 
4 

i 

7 

s 

9 

'3 
'4 

'7 
i8 

!'9 

^? 

29 
30 

' 

lang. 

I  ■,.,,-■ 

|E 

9.44034 

3-44073 

9.44166 

3.44110 

9.98184 
9.9628. 
9,98277 
9.98273 
9.9S170 

9.45750 
9-4S?97 
9.45845 
9-45893 
9.45940 

.0.54250 
10.54203 
.0.54155 
10.54108 
10.54060 

.0.0.7.6 
10.01720 
10.01723 
10.01727 
10.01730 

.0,55'.66 
.0.55922 
.0.55878 
10.55834 

10.55790 

11 

9-44»54 
9.44197 
9-4434' 
9.443^5 
9.44418 

9.9^266 
9.98261 
9-98251^ 
9.98255 
g.9825< 

9.4598a 
9.46035 
9.460S2 
9.461  JO 
9.46177 

10.54013 
10.53965 
10.539.8 
10,53870 
■  0.53823 

10,01734 
.0.0,738 

10.0.745 
10.01749 

.0.55747 
10.55793 
.0,55659 
10.556.5 

10.55572 

SS 
5* 
S3 
S' 
5' 

; 

w 

3.44472 
9.44516 

9-44S!9 
9.44646 

9.gSH8 

9.982.^(. 
9.98237 
9.93233 

9.46214 

9.46271 
9.46319 
9.46366 
9.46413 

.0.53776 
ro,537i9 
10,53681 
.0.53654 
.0,53587 

10.01752 
10.0.756 
.0,01760 
.0.01763 
10,01767 

.0.55528 
.0.55485 
10.55441 

'0-)S397 
'0-55354 

9.44689 
9-44733 
9-44776 
9.44E19 
9,44862 

9,98229 
9.98226 
9.98«^ 
9.9S2t3 
9.982.5 

9.46460 
9.4650; 

9.46648 

.O.S35^!:. 
'0-S3493 
10.53446 
'0'53399 
10.53351 

10,0177. 
10.01774 
.0.01778 
10.0178a 
.0.0.785 

10.553L. 

10.55267 
.0.55124. 

.0.55. ji 

♦s 

M 
43- 
fa 
41 

9.4490; 
9.44949 
9.4499  z 
9.4503,- 
9.4507S 

9.98211 
9.98207 
g.98204 
9.98200 
9.98196 

9,46695 
9.46741 
9.467  88 
9.4683; 
9.46881 

10.53306 
10.53259 
.0.532.2 
.0.53.65 
.0.531.9 

.0,01789 
.0.01793 
(0,0.797 
10.01800 
.0.0.804 

.0.5509; 
.0.55052 
.0.55909 
.0.54965 

.0.54923 

to 
39 

9.45  MO 

9.45163 
9.4.5206 
9.45249 
9,4519; 
9-45J34 

9.93(92 
9,98189 
9.98185 
9.98181 
9.98177 
9.98174 

9.46928 
9.46975 
9.47021 
9.47068 
9.47114 
9.47161 

.0.53072 
.0.53025 
10.52979 
.0.519^2 
10.52886 
10,52840 

,0.0.80s 

Io:o!8ls 

.0.018.9 
10.01823 
10.0.826 

.0.54880 
10.54837 
'o>5-V794 
10,5475. 
.0.54709 
i  0.54666 

is 
u 
J' 

JO 

Sine. 

Tang. 

Secant. 

1 

73  i^^r'"- ! 

1 

J 

^^^^^^ 

m 

—    —          Ta 

n genes,  ar 

d  Secants. 

1 

..                          ,(| 

Dtgriti. 

S 

^ 

Sine. 

Tang. 

Secant. 

30 

9-4S334 

9.98174 

9.47i'i5i 

0. 

2M 

10,01826 

.0,54666 

3' 

9-4S377 

9.98170 

9.47207 

*793 

01830 

10.54623 

29 

32 

9-4!4'9 

9.9S166 

g-47253 

0. 

*747 

K) 

0.834 

10.54581 

28 

33 

9.45462 

9.98162 

9.47J00 

0. 

2701 

10 

0>8j8 

.054538 

'7 

34 
3S 

g.45504 

9,98159 

9-47346 

0. 

3654 

01S4. 

.0.54196 

26 
25 

9-4S547 

9.9815s 

9-47392 

0. 

2608 

^ 

0.84s 

.0.544S3 

3* 

9.45589 

9.98151 

9.47438 

2562 

0.849 

10.54411 

H 

37 

9.45632 

9.9S147 

9.47484 

0. 

2516 

10 

0.853 

.0.5^368 

23 

38 

9.45674 

9.98144 

9-47S50 

3470 

01856 

.0.54326 

39 
40 

9.45716 

9.98140 

9,47576 

_!i 

2424 

'1 

01S60 

10.54284 

20 

9.45758 

9.98136 

9.47622 

.0. 

S=57S 

10 

0.R64 

.0.54242 

+' 

g. 45801 

9.98132 

9  47668 

10. 

IJ31 

10 

oig6H 

10.54.99 

»9 

42 

945S43 

9.98129 

9-477'4 

10. 

2286 

10 

01872 

.0,54157 

18 

43 

9.45885 

9.98125 

9.47760 

10. 

"40 

to 

0187s 

10.5411S 

'7 

44 

4? 

9.45927 

9,98121 

9.47806 

10. 

2194 

10 

C.879 

10.54073 

16 

9.45969 

9.98117 

9.47852 

ro. 

2148 

10 

01883 

>o.540ii 

+6 

9.4601 1 

9.98113 

9.47898 

0. 

2103 

to 

01SS7 

10.53989 

'4 

47 

9.46053 

9.9B110 

9-47943 

10, 

2057 

0.891 

10.53947 

'3 

48 

9.46095 

9.98106 

9-47989 

to. 

20II 

10 

0.894 

10.53905 

49 

9.46136 

9.98102 

9.48035 

0. 

196^ 

10 

0.898 

-0.53864 

'i 

9.46178 

9.98098 

9,4808^ 

10. 

19:  c 

~ 

0.902 

.0.53822 

51 

9,46210 

9,98094 

9.48126 

10, 

'S74 

10 

01 906 

10.53780 

g 

J2 

9.46162 

9.98090 

9.48171 

)0. 

1629 

10 

01910 

'0-S3738 

8 

F3 

9-46303 

9.98087 

9.48117 

10, 

'783 

10 

01913 

.0.53697 

7 

F4 

9-46345 

9.98083 

9.4S262 

10, 

■738 

10 

01917 

10.53655 

6 

s 

9.463g6 

9.98079 

9.48308 

0, 

1693 

^ 

01921 

10.53614 

5^ 

9.46438 

9.98075 

9.48353 

10, 

.647 

10 

0.925 

10.53572 

4 

r 

9:46469 

9.98071 

9.AS398 

10, 

,i6oz 

10 

0.929 

"0-S3!J' 

3 

h 

9.465  r, 

9.98067 

9.48443 

10, 

'?S7 

10 

01933 

10.53489 

^9 

9.46551 

'J.9B06. 

9.4MP 

IS" 

01937 

.0.53448 

60 

H6S94 

9.98060 

;-48s3^ 

10. 

51566 

lo.oigjo 

.0.53406 

S 

Sine. 

T«g. 

Secant. 

--  —       -                          7^  Drp-nj. 

■ 

^ 

p 
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1 

1 

A  Table  ot  Artificial  Sines.                  ^| 

f 

3 
4 

5 
6 
7 
8 
9 

10 

II 
11 

'3 
14 

\l 

18 

ig 

23 

29 
3° 

Sine. 

Tang 

9-43 i J 

9,4857 
9,4862 
9.486.65 
9,4871  ^ 

10.  s  1466 

io.IhSi 
10.51376 
10.51331 

10,51286 

Secant. 

9.46594 
9.4663s 
9.46676 
9,46717 
9.46759 

9.9806c 
9.9  80s  6 
9.98052 
9.98048 
9.9B044 

10,0194c 
10.0.944 
,0.0194^ 
.0.01952 
10.019J6 

10.53406 
'053365 
'O.S3JH 
.0-53=83 
10.53242 

9.46S00 
9.46S4. 
9.46882 
9.46923 
9.46964 

9,98040 
9.98036 
9,98033 
9.98029 
9,98025 

9.48759 
9.48804 
9.4884.9 
9.48894 
9.48939 

10.51240 
.0.51196 
10,51.51 

to.51106 
10.51061 

10.0.960 
10,0.964 
10.01968 
10,01971 
10,0197; 

10.53200 
.0.53159 
.0.53.18 
10.53077 
10.53036 

9.4700s 
9.47046 
9.47086 
9.47127 
9.47 '68 

9.98021 
9,98017 
9.98013 
g.98009 
9.9800; 

9.489S4 
9,49029 
9-49073 
9.49118 
9,49163 

.0.5,0-6 
10.50971 
10.50927 
10,50882 
.0.50837 

ro.01979 
iQ.0.983 
10.0.987 
10.01991 
10.01995 

10.52995 
10,52954 
10,5291  + 
10.52873 
10.52832 

9.47^09 
9.47149 
9.47290 
9-47330 
94737' 

9.98001 
9-97997 
9'97993 
9.97990 
9.97986 

9,49207 
9.49252 
9.49297 
9-49.14" 
9-49,185 

10.50793 
10,50748 
10.50704 
10.50659 
10.5061; 

.0,01999 
10,02003 
to. 02007 
ro.o20i. 
10,620.5 

.0.52791 

10.52751 
10.52719 
.0.52670 
to, 52621) 

9.47412 
9,47452 
9.47492 
9-47533 
9-47S73 

9.97982 
9.97978 

9-97974 
g.97970 
9.97966 

9.49430 
9-49475 
9-495 '9 
949563 
9.49607 

10.50570 
io.;os26 
10.5048. 
10.50437 
10.50393 

10.02018 

0.02026 
0.02030 
0.02034 

10.52588 

.o.!2S4.a 

.0.52508 
.0.52467 

10.52427 

9.47613 
9.47654 
g.47694 
9'+7734 
9'47774 
9,47814 

9.97962 

9.9795  s 

9-97954 
9.97950 
9.97946 
9.97942 

9.496,-2 
9.49696 
9.49740 
9.49784 
9.49928 
9.49873 

10.50349 
10,50304 
10.50160 
10,50215 
10.50172 

0.02038 
0.02042 
0.02046 
0.02050 
0.02054 
0.02058 

.0.52387 

.0.52346 

.0.52306 

10.52266 

10.52226 

10.52186 

3 

Tang. 

Secmt. 

Sine. 

72  Drgrett. 

L 

J 

Tangents,  and  Secants.'' 

17  Dtgrtt!, 

1    Sine. 

Tang. 

Secant. 

309.4.7814 

.97942 

^.49872 

0,50128 

0.02058 

0,52186  30 

31  9.4r8!4 

J-97938 

r.49916 

0.50084 

0.02062 

0.52146   29 

339.47894 

■■9793'1 

9.49960 

0,50040 

.0,02066 

33  947934 

,.97930 

9.5000. 

0.49996 

0.52066  27 

34  947974 

5.97926 

9.50048 

0.49952 

10.02074 

0.52026  26 

359.48014 

9.9792Z 

9,50092 

10.4990S 

.0.02078 

TO.519S6  2; 

9.97918 

9.50136 

.0.49864 

10.OZ072 

1 0.5  1946   24 

37  9.48094 

9.97914 

9.50.80 

,0.498.0 

10.020S6 

10.5.906    2J 

38  J48133 

9,97910 

9.50214 

10.49777 

10.02090 

.0.5.867    " 

39948173 

9.97906 

9.50267 

'04S733 

.0.02094 

.0,5.827   21 

409.4S213 

9.97902 

9.503.1 

10.49689 

.0.0Z098 

10.51787   20 

9.97898 

9-S03!S 

.0.49645 

10.01 102 

479.48192 

9.97894 

9.50398 

10.49602 

.0.01106 

10,51708  IS 

43  94'*33= 

9.97890 

9.5044; 

1 0.495  5  8 

IO.02IIC 

10.51668    I? 

449.48371 

9.978  86' 

9,50485 

1049s '5 
.0.49471 

10,02114 

10.51629  CS 

459.48411 

9.97882 

9.50529 

.0,02. iS 

■  0.5.589  15 

46  5.48450 

9.97S7S 

9.50572 

10.45428 

lO,0Il22 

10.5.550  '4 

47  948490 

9,9787. 

9.50616 

.0.493  84 

.0.02126 

.0.51510  13 

ItS  9.48519 

9.97870 

9.5065; 

.0.49341 

10.02,30 

V0.5147I  11 

49  9.48568 

9.50703 

10,49297 

10.02135 

.0.5143^  " 
.0.5.393  io 

50  9.4860S 

9.97862 

9,50746 

.0.49254 

10.02.39 

52  9.48686 

9.97853 

9-50333 

.0.49167 

10.02147 

.0.5.314    8 

9.5037( 

10.49. 2J 

10.51275    7 

549.48764 

9.9784 

9.509.5 

10.49081 

10,02155 

ro.51236    6 

559.48803 

9.9784 

9.5096 

10.49038 

10.02159 

5694884= 

9-9783 

9.5100 

.0.48995 

.o.ozi6^ 

.0.5. .58    4 

57  9.4888 

9-9783 

9.5104 

'048952 

.o.o«.67 

.0.51.19    3 

5E  9.4892 

9-9782 

9.5  109 

TO.4890S 

10.02171 

.o.;ioSo    I 

5994895 

g.9732 

9.5113 

.0.48865 

10.02175 

.0.51041     1 

60  9.4S99 

9.9782 

9.5.17 

10.48822 

10.021 79 

.0.51002    0 

-L.:'" 

Sine. 

Tang. 

Secant.    i| 
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1     Sine. 

Tang. 

■Secant. 

^^^1 

0  3.4899 

9.9782 

9.5117 

10.48821 

10.0:179 

10.51002 

1  5-4903 

9.97817 

9.5122 

io,4S77< 

10.0218, 

10.50963 

a  9.4907 

9.97812 

g.5126 

10.48737 

10.0218I 

10.50924 

i^^^H 

39.4911 

9.97808 

9.513Q* 

10.4869. 

10.01192 

ia,o885 

«^^H 

4  9-49 'S 

9.97804 

9-S'345 

10,48651 

10.02196 

10.50847 

9.97800 

9-! '39 

10.48608 

10. 02200 

io.;o8o8 

6  9,4923 

9.97796 

9S'435 

10.48565 

10.0220,5 

10.50769 

?  9.492?'^ 

9.97792 

9.51478 

10.48522 

E>^^^l 

8  9-4930S 

9.97788 

9-5IS2C 

10.48480 

I0.02Z1I 

10,50692 

l-j^^^l 

9  9-49347 

9.9^784 

9-!'s63 

10.48437 

10.02217 

10.50653 

S^H 

c  9-49385 

9-97779 

9.51606 

10.48394 

IO,OJ22I 

.0.506.5 

I  9-494^^ 

9-9777S 

9.51648 

10.48352 

10.0221; 

10.50576 

2  g.49462 

9-5777' 

9.51691 

10.48309 

10,02219 

10.50538 

l^^^l 

3  9-49SO" 

9,97767 

9-51731 

10.48267 

10.02233 

10.50500 

i4^^H 

4  9-49S39 

9'97763 

9.51776 

10.48224 

10.02237 

10.5046. 

s 

S  9-49S77 

9-977i9 

9.51819 

<o.48.B. 

10.02241 

10.50423 

69.49615  9.97754 

9.5'8bi 

10.48139 

10.02246 

.0.50385 
.0.50344 

79.496549.97750 
69.496929,97746 

9.51903 

I0.4B097 

10.02250 

1^1 

9.51945 

10.48054 

10.50308 

' 

99.497309.97742 
0  9.497158  5.97738 

9-S'938 

10.48012 

10.02258 

10.50270 

tjH 

9,52031 

to.47970 

10.02262 

10.50132 

US^I 

: 

1  9.498QS 

9-97734 

9.52073 

10.47927 

10.02267 

0.50194 

ri^^^l 

; 

! 9-49844 

9-977^9 

9.52115 

.0,47885 

0.02271 

0.50156 

^^H 

1 

3  M9832 

9,97725 

9.52157 

10.47843 

0.0227s 

0.50118 

V^^k 

' 

4  9-499  ^° 

9.97721 

9,52200 

10.4780, 

0.02279 

o-jobSo 

n^l 

S  9-49958 

9.97717 

9.52241 

10-47758 

0.02:83 

0.50041 

1 

.9,49996 

9-977 '3 

1,5*^8^ 

10.47716 

0.50904 
0.50966 

z 

79-50034 

9,97708 

;.5!3;6 

0.47674 

0.02292 

2 

;  9- 5007  i 

9'977"4 

■  52368 

0.47632 

0.02296 

o.50i2g 

iil^H 

9,50110 

? -97  70c 

.;z4ic 

0.47590 

0.02300 

0.508^0 

i^^H 

I                   3 

■     J 

59.501,4^ 

3.97696 

-i-452 

0.47548 

0.01304 

o.^oSii 

I 

fc   . 

We. 

T... 
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Tangents,  and  Secants. 

1 8  Dtpx.. 

JO 

Sine. 

T«g. 

Secant. 

30 

9.^0148 

B-97696 

9.52452 

□.4754S  10.02304 

10.49852 

Ji 

9.50185 

).976gi 

9.52494 

0.47506  10.02309 

10.49815 

29 

1» 

9.50123 

q.qroii? 

9.51536 

o.47+64!io.o23i3 

10.49777 

\^ 

9.50261 

5.97tBl 

9.;2;7a 

o.4742i'io.023i7 

10.49739 

27 

9.50298 

9.97679 

9.526^0 

o.47jto  10.02311 

.0.49702 

^> 

9.50356 

5.97675 

9.52662 

0-47339 

.0,01326 

10.49664 

1l> 

9.5037^ 

J.97670 

9.52703 

0.47  z  97 

10.01330 

10.49617 

24 

37 

9.50411 

9.52745 

0.47255 

'O.01334 

10.49589 

^1 

18 

9.97661 

9.5i7a7 

0.47213 

.0.01338 

]9 
40 

9.50486 

9.97657 

9.52819 

0.47172 

10.02343 

10.49514 

Z 

9.50523 

9  ■97^5. 5 

3.52870 

0.47130 

10.02347 

10.49477 

4' 

9.50561 

9.97649 

3.52912 

10.02351 

■10.49439 

19 

9.97645 

9.52954 

0.47047 

10.0135s 

>» 

9.50635 

3.97640 

9.51995 

0.47005 

10.01360 

'o-4q365 

■H 
4! 

9.50673 

9.97636 

9- S 3037 

0.46963 

10.02364 

10.49317 

16 

9.50710 

397632 

9'!3P78 

0.46922 

.0.02368 

10.49190 

^5 

J'S'*74/ 

,.97628 

3.S3nc 

16.02373 

10.49253 

H 

5.50784 

5,97613 

5-S3'f" 

0.46839 

I0.O2J77 

10.492 .6 

4< 

qL50B21 

5.97615 

3.53203 

0.46798 

.0.0238. 

.0,49.79 

49 

-*- 
90 

5,50859 

9.97615 

9'S3H4- 

10.46756 

10.01J85 

.0.49141 

- 

9.50896 

3.976.0 

9.53^35 

0.46715 

10.02390 

.0,49104 

^i 

9-S°933 

),976o6 

9-333^7 

0.4(^673 

10.01394 

.0.49067 

9 

^2 

9.50970 

).976oi 

9.53368 

0.46632 

10.01398 

10.49030 

8 

^1 

9.51007 

)-97S97 

9'S340S 

0.46J91 

.0.02403 

10.48994 

7 

54 

9.510+3 

?'97S93 

9.53450 

10.46550 

10,02407 

10.48957 

9.51080 

3.97589 

9-53492 

10.46508 

10.01411 

10.48920 

S* 

9.51117 

J■97S8^ 

9-5353:] 

10.46467 

10.01416 

10.488B3 

?7 

9-5»>S' 

9.97580 

9-5357'1 

10.46416 

10.02420 

10.48846 

3 

58 

9.51191 

?-97576 

9-53615 

.o.4b,as 

10.02414 

10.48B09 

2 

).Si«8 

9.97571 

9.53656 

10.46344 

.0.48773 

60 

9.51164 

9.97)67 

9.53697 

10.46303 

10.02433 

10,48736 

i 

Si.e. 

Ta^g. 

Secant. 

r 

-[  4^2  ^                         " 

1 

A  Table  of  Ani&cial  Sines, 

.9  D.g.-«. 

s 

0 

Sine. 

Ta.g, 

Stcant. 

. 

9,51164 

9,97567 

9-53697 

10-46303 

10,02433 

40.48736 

^H 

B 

] 

9-5 1 30 1 

9-97563 

9-5373B 

10,4(1161 

10 

02437 

4J«,59 

j^^H 

^ 

z 

9-5'33« 

9.97558 

9-53779 

.0,46^21 

lO 

02442 

10 

,8663 

t^^l 

3 

9•S^37^ 

9-97S!4 

9.53820 

10.46180 

10 

01446 

10 

48626 

t^^H 

L 

4 

9.51411 

9.97550 

9.53861 

10.46139 

10 

01450 

10 

48s  89 

9 

9-5 '447 

9-97S45 

9.53901 

10.46098 

10 

02455 

.0 

48S!3 

^K 

6 

9.5i+B.( 

9.y;S4i 

9-5394.5 

10.46057 

10 

OJ4S9 

IQ 

48516 

jj^^l 

^B 

7 

5,51520 

9-97SJ7 

9-53984 

10.46016 

10 

02464 

ID 

484*3 

^I^^H 

^B 

8 

9-S'!S7 

9-9753* 

9,54035 

10.45976 

lO 

01468 

ID 

48*43 

j^^H 

1 

9 

9-5 '593 

9.97528 

9.54065 

'°-4593S 

10 

0247» 

10 

48407 

fl 

9.51629 

9-975*3 

9.54106 

10.45B94 

.0 

02477 

10 

48371 

^F 

[  t 

9.51666 

9.97519 

9.54147 

10.45853 

10 

02481 

10 

♦«!3* 

4^^H 

^ 

13 

1.51701 

9-97f'5 

g.54188 

.0.45813 

10 

02486 

10 

48^98 

tl^^l 

13 

■>5'73S 

9.97510 

9,54738 

.0.45772 

■  0 

02490 

to 

48»6. 

^.^^H 

14 

'5 

9-51775 

9.97506 

9.54269 

10.45731 

10 

02494 

.o.,82z5 

H 

9.51811 

9.97501 

9-54309 

10.45691 

10 

02499 

i048,«. 

16 

9.S'847 

9-97497 

9-54350 

10.45650 

10 

02503 

,o,4SiSJ 

44  j^l 

'7 

7-S'8S3 

9-97493 

9-5439' 

.0.456.0 

02508 

«8ji7 

18 

9.51919 

9.97488 

9-5+431 

10,45569 

10 

02;ir 

ro 

48081 

^  ^1 

1 

>9 

9-S>9S5 

9.97484 

9,54472 

.0-455*8 

10 

<.25i6 

10 

48045 

«• 

■ 

9.51991 

9.97479 

9.545IZ 

.0.45488 

'Z 

01521 

71 

48009 

4« 

1 

J( 

g.jzoz? 

9-97475 

9-5455^ 

10.45448 

io 

015*5 

10 

47973 

HH 

zz 

g. 51063 

9.97470 

9-54593 

10.45407 

lo 

02530 

10 

47937 

^H 

'3 

Lj.5i099 

9.97466 

9-54633 

10.45367 

o^5,34 

47901 

k 

^4 

9-S*i35 

9.97461 

9-54673 

10.45327 

10 

02539 

JO 

4786s 

1 

9.5*17' 

9-97457 

9.5+714 

10,45286 

~z 

02543 

10 

47829 

H 

16 

9.52207 

9-97453 

9-54754 

10.45246 

10 

02548 

10 

47703 

^B 

1^ 

9.52241 

9,974+8 

9.54794 

10.45206 

02552 

4''?58 

1' 

9.52278 

9.97444 

9-54835 

10,45166 

10 

02t56 

10 

477=' 

jr 

^u 

9'5^3'4 

9-97439 

9.54875 

■  0.45125 

10 

o2;6l 

10 

47686 

31 

L 

:jc 

9-5*350 

1-97 -1 3; 

9-54915 

10.45035 

10,02565 

10.4-651 

30 

Sine. 

Tang. 

Secant. 
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1 

1 

i 

1 
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Tangents,  and  Secants. 

19  Dlgrt^u 

S 

30 

Sine. 

Tang. 

Secani. 

^.52350 

^97435 

9.54915 

.0.45085  .0.0256; 

10.47651 

30 

3" 

9.51385 

9.97430 

9- 5  495  5 

45045;. 0 

02570 

10.47615 

29 

32 

9-SH2I 

9.97426 

9-54995 

IQ 

45005  10 

02  J  74 

10.47579 

28 

J3 

3.5145* 

9.97421 

9.55035 

10 

44965 

to 

02579 

10.47544 

27 

3t 
35 

5.5249^ 

9.97417 

9-55075 

10 

449»5 

10 

02583 

10.47508 

26 

^5 

9.SZS1S 

9.97412 

9-SS»'S 

10 

44BB5 

iT 

02537 

10.47422 

36 

3.52563 

9,97408 

9-55'S5 

44S45 

02592 

'0-47437 

'4 

37 

9.51593 

Q.97403 

9-55 '95 

10 

44S05 

02597 

10.47402 

13 

38 

9.52634 

9-97399 

9-55*35 

44765 

01601 

.0.47366 

39 

40 

9.ij669 

9'97394 

9-5;275 

10 

447^5 

02606 

'0-4733' 

z 

' 

9-5^7°^ 

J'37390 

9-553'5 

71 

44685 

~ 

oz6io 

10.47295 

■t' 

9-5^74'^ 

9-973^5 

?-5535S 

10 

44^45 

JO 

0.61S 

10.47260 

19 

4* 

9'5»7?5 

9.97381 

9-S539S 

10 

44(j'j; 

10 

01619 

10.4722; 

.8 

43 

9.5281. 

9.97376 

9-SJ434 

.0 

44566 

10 

0.624 

10.47190 

17 

44 
4S 

9.5*846 

9,97372 

9-SS474 

.0 

44526 

02628 

10.47154 

16 
'5 

9.5S8S1 

9.97367 

9-55S'4 

10 

44486 

~ 

02633 

.0.47119 

46 

9.52916 

9.97363 

9-55554 

10 

44446 

10 

02637 

10,47084 

'4 

47 

9.52951 

9-9735« 

9-S5S93 

444.07 

10 

o26+a 

10.47049 

'3 

48 

9.52986 

9'973S4 

9-55633 

.0 

443157 

IC 

02647 

10.47014 

49 
50 

9.53012 

9-97349 

9-55673 

10 

443^7 

ro 

0265. 

10.46978 

!; 

5-53057 

S-97344 

9-55712 

10 

«z88 

10 

oi6;6 

10.46944 

;i 

9.53092 

9-97340 

9-5575^ 

10 

4+248 

.0 

02660 

.0.46908 

9 

52 

9,-!3i»7 

9-97335 

9-5S79' 

10 

44309 

.0 

02665 

.0.46S74 

8 

S3 

9-53'6' 

9-9733' 

9-5583' 

10 

44169 

10 

02669 

.0.46339 

7 

S4 

s; 

9.53196 

9,97326 

9.55870 

10 

44' 30 

10 

02674 

10.46804 

6 
5 

9'S3»3' 

3.97322 

9.55910 

10 

44090 

.0 

02679 

.0.46769 

s6 

9.53266 

9.97317 

9-55949 

10 

44051 

■  0 

o:68i 

10.46734 

4 

57 

9.53301 

9.97312 

9.55989 

to 

44011 

10 

02688 

10.46699 

3 

S8 

9.53336 

9.97308 

9.56028 

.D 

43972 

10 

02692 

10.46664 

S9 

9-S3370 

9.97303 

g. 56067 

10 

43933 

10 

02697 

10.4C630 

1 

60 

9.53405 

9.97299 

g.  56 107 

10.43S93 

10.02701 

.0.46595 

0 

Sire. 

Tang. 

Secant. 

% 
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■r 
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Tangents,  and  S?ci|ri£i._^ 

■ 

io  Dtgnei. 

%'"'■ 

T..g. 

Secant. 

3ci9'5-l433i>97'Ii 

9.57274  ro.42726 

:  0.0^341 

■  0.45567 

30 

3 

y'5'(4t''',yy7'>'i 

9.573iiio.4i6;ts 

10.02846 

'0-45434 

29 

3' 

9-S4-.iOQ 

9-97 '45 

9,S77(I|io..)j645 

r0.02S5l 

10.45500 

2S 

a 

9-S'K34 

9.97 '4! 

9.57389,10.42611 

10.02855 

10.45466 

:; 

3S 

9.54507 

9.9714c 

9.5:428,10.42572 

10.02^60 

'0.4,-433 

26 

9.S4601 

9-97135 

9.57466 

.0.41534 

10.02S6J 

10.45359 

J6 

»■  54635 

997130 

9,57504 

10.42469 

.0,02870 

10.45365 

H 

37 

9.54663 

9.97  ijb 

9-S7S43 

10.4^457 

10.D2S74 

10.45332 

23 

3! 

9.5*702 

9-97 12' 

9,5758. 

10.42419 

.o.c;S;g 

10.4529S 

3!> 
40 

9'S473S 

9-97  "6 

9.57619 

10,42381 

1 0.03884 

10.45265 

Z 

9- 54769 

9.971 1 1 

9.57658 

10.42341 

io.02t;S9 

iD.45;3i 

4! 

9,5.1802 

9.97107 

0.57696 

10.42304 

.0.02^93 

.0.45198 

19 

4* 

9.54836 
9.5^369 

9.97102 

9'S77H 

10.42266 

,o,02S9S 

10.45164 

1.8 

43 

9.97097 

9.5777J 

10.42228 

1 0.01905 

1,0.45131 

•'7 

4J 
4S 

p.  5  4303 

9,97  09  z 

9.S7810 

10.42190 

10.42151 

10.029PR 
lo.ozgi; 

i°.4i097 
10.45064 

:i6 
15 

7'S4936- 

9.970S7 

9.57849 

40 

3-;49C>9 

9.970SJ 

9.57337 

10.42113 

1 0.0791 7 

10., 5031 

'4 

47 

9.55003 

9.9707S 

9.57925 

10.42075 

10.0292: 

10.44997 

48 

9.53036 

9^97073 

9.57963 

1042037 

100292; 

10.4+90+ 

13 

49 

9.JJ069 

9.970G8 

9. 58001 

'0.4199'; 

10.0::9J2 

10.  I49J1 

z 

&.SSI62 

9.97064 

9.58039 

10.41961 

10.D2Q37 

10.44898 

S' 

9.55(36 

9.97059 

9.58077 

10.41923 

10.02941 

io.j^864. 

9 

s« 

9-!S'69 

9.97054 

9-SS"5 

J0.41B85 

10.02946 

.0.44831 

$ 

u 

9.5510J 

9-57^49 

9.S8"53 

10.41847 

ro.oigji 

10.4479S 

7 

!4 

9 -55  23  j 

9.97044 

9.58191 

ro.4tSog 

10.02956 

.0.4476s 

6 
5 

9'S-S*<38 

9.97039 

9.511125 

10.4177' 

10.02961 

ro.4473* 

5' 

?'SS5P< 

9-9-03  S 

9.58:67 

10.41734 

.o.o296(i 

0,44699 

4 

57 

9-Si3.-}* 

9^97030 

g. 58304 

10.41696 

10.02970 

0.44666 

3 

S! 

9v5ij67 

9.97025 

9.58342 

10.41658 

10.02975 

0-44633 

5S 

^•55400 

9.97020 

9-i838o 

0.41620 

rc.ozgBo 

0,44600 

1 

»9iiil33 
-  t 

J  ■■■'"■  ^ 

9.97015 

9.58418  io.4i5»2 

0.029S; 

0.H567 

0 

Sine. 

Tang. 

Secant. 
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A  Table  of  Artificial  Smes, 

1 

2.   0,s^»s. 

% 

Sine. 

Tang. 

Secant. 

9-SS433 

9.97015 

9.58418 

0.41582 

0,0298; 

10.44567  s 

I 

9.SS466 

9,9701c 

9.58456 

□.41545 

0.02990 

10.44534  ; 

2 

955499 

g.9-006 

9.58433 

0.41507 

0,02995 

10.44501  5 

3 

9-SS>3^ 

9.97001 

9.5HS3' 

10.41469 

10.02999  '0,4446811 

4 
S 

9.55564 

9.96996 

9,58569 

0.41431 

10.03004  1 0,4443  5  [5 

.i«,r 

9,96991 

9.58606 

.0.41394 

10.03009 

10.44403  1 

b 

9.S56.;o 

9.96986 

9,58644 

^0.41356 

10.03014 

10.44J70  ( 

7 

9.55663 

9.969B, 

9,58682 

10.41319 

10,03019 

'o-4^337  1 

S 

g,S;6g; 

g.  9697  6 

9.;87i9 

10,41*81 

10,03024 

10.44305(1 

9 

9,55728 

9,9697 1 

9-i87sr 

10.41243 

10.03029 

io.4427a|i 

9.SJ761 

9.96967 

9,58794 

10.41S06 

10,03034 

10.44139 

9'S5?9J 

0,96961 

9,588:52  >o,4<:6S 

'0.03038 

10.44207 

12 

9.55826 

9.96957 

j.fSi-;:^ 

10,41131 

10.03043 

10.44174 

'3 

9,S58;a 

9.96952 

9.58907 

10,41093 

10.0304S 

'0.44141  , 

^ 

'4 
'S 

S-SiSgi 

9,96647 

9.58944 

.0.41056 

10,03053 

■  0.44109  4 

9-!«i3 

9  96942 

9.5898' 

10.41019 

10,03058 

1 0.4407?  1 

^K 

i6 

9.55956 

9.96937 

9.5901., 

10,40981 

10-03063 

10.44044  , 

V~ 

>? 

9.55988 

g.96932 

9.59056 

10.40944 

10.0306S 

10.44^13  , 

n^ 

i3 

9.56021 

9,96927 

9,5909., 

10,40907 

10.0307; 

10.43975  , 

is 

9.56053 

9,96922 

9,59131 

i  0.40869 

10.03078 

10,43947  1 

0 

9.560^6 

■^-g&o'? 

9.5916!. 

-0,40832 

10.030B3 

10,43915  ^ 

2 

9.56.18 

9.96912 

9.5920; 

10^0795 

lo.ojoSi 

10.43882  3 

9 

izjg-Sfiiso 

9,96508 

9.59243 

10.40757 

'  003093 

10.43850  3 

8 

239-!6'8z 

g.  96903 

9.59280 

( 0.40720 

10.0309! 

10,43818 

I 

249,56115 

9-9689^ 

9-593 '7 

,0.40683 

10.03102 

10,43785 

25  9.56^47 

^,9689 

9-S935-) 

10.40646 

10.03107 

IO-437S3 

5 

26  9.;6zBo 

9,9688 

9-5939 

10 

40609 

1003112 

10.43721 

4 

279-S53" 

9.9688 

9.59425 

40572 

10.03118 

10,41680 

3 

^39.56,143 

f^,968r 

9->9f6t 

10 

40534 

10.03123  10,43657 

> 

199.56376 

9.9687 

9.5950 

10 

40497 

10.03127  10.43624, 

I 

^ 

309-56408 

9.968689.5954.: 

10,46460 

10.03132  10.43592 

0 

Sine. 

Tang. 

1  Secmt. 

easigr^,. 

*'  ^ 

^ 

■ 
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Tangenw,  and  Secants. 

• 

21 

33 
34 

3S 
36 
37 
33 
39 

43 
44 

;i 

48 
49 

53 

54 

11 

60 

Sine. 

Tang. 

Secanr. 

30 

29 
28 

11 

H 

H 
23 

9.56408 
9., -6440 
9.56472 
9.56504 
9,56536 

9.96S6B 
9,96863 
9.9685S 
9.96853 
9,968+B 

9.59540 
9-59S77 
9.59614 
9.59651 
9.59688 

i  0.40460 
10,40423 
ro.40386 
10.^0349 
10.40317 

10.03132 
10,03137 
.0.03142 
.0.03147 
( 0.03. 52 

10.43592 
10.43560 
10.43528 
10.43496 
10.43464 

9.56568 
9  ;66oo 
9.566JI 
9.56663 
9.5669s 

9.96343 
9.96838 
9.96833 
9.96828 
9.96823 

9-59725 
9,59762 

9  ■59799 
9.59835 
9.59872 

10.40275 
10.40238 
I0.40Z02 
10.40,6; 
10.40128 

10.03167 
JO. 03172 
ro.03177 

10.43432 
10.43400 
10.43369 
'0-43337 
ID.43305 

9,56727 
9.56759 
9.56790 
9.56822 
g. 56854 

9.96S.8 
9.96813 
9.96808 
9.96803 
9,96798 

9.59909 
9.59946 
9- 5  9933 
9,60019 
9.60056 

10.40091 
10.40054 
.0.40017 
.0.399K1 
10.39944 

10.39907 
10.39870 
10,39834 
10.3  ;797 
10.39761 

io.03i82'io, 43273 
10.03187  10,43241 
o.ojigj  10.43210 
0.05197  10.43178 
10,03202  10.43146 

'9 
|3 
'7 
16 

'S 
'4 
'3 

10 

I 

7 
6 

S 
4 
3 

1 
0 

9.56885 
9.56917 
9.56949 
9.56980 
9.5701  z 

9-96793 
g.96788 
9,90783 
9,96778 
9-96773 

9,60093 
9.60130 
9.60166 
9.60203 
9.60240 

0.03207 
10.03212 
10.03217 
10.03223 
10.03278 

10,43114 
10.43083 
10.43051 
10.43020 
10.42988 

9.57044 
y-)7o7S 
9.57107 
9-57138 
9.57170 

9.96767 
9.96762 
9.96757 
9.96752 
9.96747 

9.60276 
9.60313 
9.60349 
9.603S6 
9.60421 

10.39724 
10.39687 
10.39^51 
10.39614 
10.39578 

0.03233 
0.0,238 
10.03243 
0,03248 
0.03253 

10.42956 

10.42925 
10.42893 
I0.42861 
ro,42B3i 

9.57201 
9.57232 
9,57264 

9-57295 
9.57326 
9-57358 

g.96742 

9.96737 
9.96732 
9.967  S7 
9.96722 
9.96717 

9.60459 
9.6049; 
9.60532 
9.60568 
).  60605 
9.60641 

10.39541 
10.3950; 
10.39468 
.0.39432 
'0-.19J95 
"=-39359 

0.03258 
0.03263 
0.03268 
0.03273 
0,03278 
0.03183 

.0,42799 
10.42768 
10.42736 
10.42705 
.C.42674 
10.42642 

Sine. 

Tang. 

Secant. 
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A  Table  ot  Aiufici*\  Sines, 

y 

iz  Ditgrtei. 

f 

Sine. 

Tang. 

Secant. 

:'= 

9-57J58 

9.967J7  9-60641 

'0.393S9 

10.03183 

.<>.,«;,= 

60 

■ 

'  9'i"389 

9.967i2  9.6o6;7 

10,39323 

10.03189 

.04:1611 

!i^m 

1957420 

9.967069.60714 

10.39286 

.0.03294 

10.4^580 

^'H 

9  60750 

10,39250 

10.03199 

1 0.41549 

<!■■ 

4 

^9.57487 

9.96696 

J.60786 

.0.39114 

10.03304 

.0.4=5.8 

5« 

■ 

9-57SH 

9,96691 

9.608;} 

10.39178 

10.03309 

.0.4J4S7 

!J 

■ 

9-»7S4'; 

9.96686 

g. 60859 

IC.39141 

.0.033.4 

.0.41455 

?*^K 

7 

9,57570 

9.96681 

9.60895 

10.39105 

10.03319 

.0.42474 

^^H 

5.57007 

11,96676 

},6o93i 

.0.39069 

.0.03324 

.0.42393 

^'^l 

9 

9.57638 

9.96671 

9.60967 

10,39033 

10.03336 

.0.42562 

SI 

■ 

jg. 57664 

q.9665s 

9,61004 

.0,38996 

'0-03.135 

10.42331 

i" 

■ 

9.57700 

g.96660 

J. 61040 

■  0.3^960 

.0,03340 

10,42300 

f^m 

li 

'J-5773' 

9.96655 

g. 61076 

.0.3692^ 

to.03345 

1.142169 

t*^M 

r 

9,57767 

9,9665(1 

,.(...  1  = 

10.03350 

1^.42*38 

FsM 

!4 

It 

9-S7793 

9.9664  s 

9,6114s 

ic.38«SZ 

10.03355 

10.42207. 

S4 

■ 

9.57314 

961184 

10.38816 

.0,03361 

n 

■ 

g-5:SS5 

9-96634 

c,.6i2io 

.0.3S780 

.0,03366 

.o.4inS 

■t^^ 

*: 

9.57885 

9.966ay 

^.61256 

lo,3S74^ 

io.053;i 

..^42.15 

i^M 

9.57916 

9,96t,t4 

961293 

10.3870B 

10.03376 

.a.420«j 

*i^M 

•9 

9-57947 

9,96619 

9.613*8 

10.38672 

10,03381 

.0.42055 

*i 

■ 

9.57978 

g.96614 

9.61J64 

io.3863f 

io.o;3g6 

.0.42^2 

^ 

■ 

a 

9.58008 

9.966o( 

5.61 40c 

10,38600 

tf^^^H 

1 

9.5803; 

9.9660J 

9.6i4je 

.0-3856. 

.0,4196. 

tS^^H 

3 

9.58070 

9,96598 

Q.61473 

JO.38523 

10.03402 

trl^^H 

■ 

9.58.0. 

g.g^iW 

9.61508 

10.38492 

10.03407 

.0.4,90c 

« 

5.581J. 

9.9658^ 

9.61544 

.0.3B457 

.0,03412 

.o.4i«<i9 

^P 

se 

9.S8.6. 

9965S: 

^.61579:10,3841 

ioo34ii 

.0.41838 

iS^^H 

H^ 

% 

9,58.5! 

9.96577 

9.6161510.383)5^ 

10.03421 

.0.41808 

i^^^H 

9158x1; 

9.965  7  ! 

9-6r6;i  lo.j-Sui 

10.03  4  it 

il^^^l 

^ 

9158155 

0-q6^6- 

9.61687  io.3SJ3r 

,10.034.31 

.0.41741 

ii^^^l 

fe 

3t 

9,58:8, 

9.9656 

96.72 

10.JB27B 

10.03439 

. 0.417*6 

ig 

■ 

1 

Sine. 

1   T.ng. 

f      ■ 
SIcant, 

J 

I 

1 "-           ,       _      (57_jC%c^^.   . 

■ 

1 

1 

1 

■ 

1 

1 

^^^TS^^^^^BBpS^^^^^^^^I 

^ 

US 

Tangents  and  Secant*   "  ' 

1 

I 
1 

22  Degrm. 

S 

.  Sine. 

Tang. 

Secant. 

- 

Jo 
*9 
28 

^7 

16 

*5 
24 
23 
22 

21 

ao 
19 
IS 
'7 
16 

'5 
'  + 
'3 
U 
11 

9 
8 

I 

5 
4 
3 

a 

JO 
i' 
J» 
il 
J4 

15 

4» 
« 
44 

9.58284 

g-s«3'4 
9.58345 

9.58406 

9.96561 

9.96556 
9.965  p 
9.96546 
9.^,6541 

9.61721 
9.61758 
9.61794 
9.61830 
9.61865 

.0.38=78 
.0.3824^ 
10.38206 
,0.38.7. 
■0.38.3s 

10.03439 
■  0.03444 
10.03449 
.0.03454 
10.03459 

10,41716 

10.41696 
to.41655 
10.41625 
10.41594 

9.58436 
9.58467 
9-5849? 
9.585.7 
9-S8557 

9-96535 
9.96530 
9.96525 
9,96520 
9.96514 

9.61901 
9.61936 

9-61972 
9.610DS 
9.62043 

10.3S095 
10.38064 
10.38028 
10.37992 
.0.37957 

.0.03465 
10.03470 
10.03475 
10.034S1 
10.03486 

10.41564 
10.41534 
10.41503 
10.41473 
10.41443 

9.58588 
g.SE6i8 
9.5864^ 
9.58672 
9.58709 

9.96509 
9,96504 
9.96498 
9'9^+93 
9.964E8 

9.62079 
9.62114 
9,61150 
9.62185 
9.61221 

10.37921 
10.37B86 
10.37850 
10.37815 

10,03491 
10.03496 
10.03502 
10,03507 
10,03512 

10.41412 
.0.4.382 
.0,4.352 
10.41322 
10,41291 

5^ 

49 

9-58739 
9.58769 
9.58799 
9.s88z<i 
9-58859 

9,96483 
9.96477 
9.96472 
9,96467 
9.66461 

9.62256 
9.62292 

9.62327 
9.62362 
9.62398 

10.37744 

io,j770g 
10.37673 
ia37638 
10.376C1 

10.03522 
10.03528 
'0-03533 
10.03539 

.0.4126. 
.0.41231 

10.41201 
10.41. 71 
10.41.4, 

so 

I* 

!3 
54 

t 

9.58889 
9.58919 
9.58949 
9.58979 
9.59009 

9.96456 
CJ.96451 
9.96445 
9.96440 
9-96435 

5.62433 
9.62468 
9.62504 
q.62539 
9.62574 

10.37567 
10.3753^ 
10.37496 
.0.37461 
.0.37426 

10.03544 
10.03549 
10,03555 
10.03560 
.0.03566 

10.41111 

10.41081 
10,4105. 
10,41021 
.0,40991 

9' 590.19 
9.59069 
9.59098 
9.591*8 
Q.59158 
9.59188 

9^6429 
9.96414 
9.96419 
99641? 
9.9640S 
9.96403 

9.62609 
9.62645 
9.626^0 
9.6271.; 
9.627  no 
9.62783 

10.37356 
10,37320 
10,37=85 

ro. 37250 
10.37215 

10.03571 
10.03576 

.0.40961 
10.40931 

10.03587 
10.03592 
'0.03597 

.0.40872 
10.40842 
10.40812 

Sine. 

Tang. 

Secsnt. 

1                       .    i,tD,s,^,. 

1 

^ 

p 
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1 

1 

A  Table  of  Artificial  Sines, 

^^  nB7«r. 

f 

0 

i 

7 
8 
9 

10 

II 

12 

'3 
'4 

»5 
I6 
'7 
i8 
'9 

'5 
i6 
*7 

28 

jg 

3° 

Sine. 

Tang. 

-Secant. 

9.S918S 
9.;9ii8 

9-S9H7 
9.59177 
9'S9307 

9.96403 
9.90397 
9.96392 
9.96387 
9-96381 

9-6^785 
9.628x0 
9.6285  s 
9-62891 
9.62926 

10.37215 

10.37180 
10.3714; 
10.371.0 

10.37075 

.0.03597 
10,03603 
10,03608 

,.,.036,4 

10.036.9 

.<.,+08i? 
10.4078Z 

I0.4075J 
10.40713 
10.40693 

9-59J36 
9.59366 
9-59396 
5.J941; 
9-!94S5 

9.96376 
9.96370 
9.96365 
9.96360 
9'963S4 

9,62961 
9.62996 
9.63031 
9.63066 
9,63101 

10,37039 
10.3-C04 
10,56969 
io,36q3+ 
10.36900 

10.03624 
,0.036,0 
10.03635 
10.03640 
10.03646 

10-10664 

.0,40634 
10.40604 
10.40575 
10,4054; 

9.59484 
9-S9!'4 
9-S9543 
9'S9J73 
9.59601 

9.96349 
9-96343 
9-96338 
9-96333 
9.96327 

9'63i3S 

9.63170 
9,63205 

5.63  !+0 
3-63^75 

10.3686; 
10.36830 
10.3679; 
10. 36760 
10,3672; 

10.03651 

10.03657 
10.03662 
10.03668 
10.03673 

10,40516 
10.40486 
10,40457 
10.4042-7 
10-40598 

9.59637 
9.59661 
9.59690 
9.59720 
9-S9749 

9.96372 
9.96316 
9-96311 
9.96305 
9.96300 

9,63310 

9- 6334s 
9.63380 
3.63414 
9,63449 

10,36690 

10,36621 

10.36586 
10.36551 

10.03678 
10.036B4 
.0.03689 
10.03695 
10.03700 

1 0.40363 
10.40339 
10.40310 
10.46280 
10.40151 

9.59778 
9.59808 
9.59837 
9.59866 
9.59895 

9-S99H 
9-!9954 
9.50983 
9.6001a 
9.60041 
p.  60070 

9.9679; 
9.96:89 
9.96284 
9-9627S 
9.96273 

9,63484 
^■63519 
563553 
..63588 
5.63623 

.0.365.6 
.0.36482 

10.36447 

.0.364.2 

ID.36377 

.0,03706 
.0,037,. 
10,05716 
10.03722 
10,03717 

10.40222 
10.40193 
1 0.401 6} 
.0.40134 
.o.40toj 

q.9676; 
9  96262 
9.9625^ 
9.9625, 
9,9624; 
9.96240 

9,63657 
9.636g2 
9,63727 
;. 63761 
9,63756 
5.63830 

IO-36343 
10,36308 
10.36274 
10,36239 
ia.36i04 
.0,36170 

10.03733 
10.03738 
10.03744 
.0,03749 
■  o,o37(5 
10,03760 

10.40076 
10.40046 
.0.40017 
.0.399ft* 
.0.39959 
.0.39530 

Sine. 

Tang. 

Secant. 

^ n^^r: 1 

L 

1 

[47t  1 

Tangents,  and  Secants. 

23    ;5«rfl-.. 

10 

Sine. 

Tang. 

"'■ 

30 

9.60070 

9,96140 

9.63830 

10.36170 

10.03760 

'o. 39930 

1' 

9.60099 

9.96234 

9.63865 

•0.36135 

10.03766 

ID.  39901 

iq 

^i 

9.60128 

9.96229 

9.63895 

10.36101 

'0.03771 

10.39872 

li 

31 

9.60157 

9.96223 

9.63934 

10.03777 

10.39843 

17 

34 

g.6oi36 

9.96218 

9.6396B 

10,36032 

.0.037S2 

16.39814 

26 

9.60115 

9.96112 

9.64003 

10.35997 

10.03788 

10.39785 

^t> 

g.6oi4+ 

9.96207 

9.64037 

10-35963 

10.03793 

17 

9-60273 

9.96201 

g.  6407  2 

10.35918 

10.03799 

10.39727 

11 

18 

9.60302 

g.96196 

9.64106 

10.35894 

10.03804 

10.39698 

39 
40 

9.60331 

9.96190 

9.64140 

10.3SS60 

10.03810 

10.39670 

21 

9,60359 

Q,g6r8, 

9.6417s 

10.35S25 

.0.038,; 

10.39641 

4-' 

9.6038S 

9.9617c 

9.6^209 

10-35791 

10.03821 

ro.39611 

"i 

+» 

9,60417 

9.64243 

'o-3Sr57 

10.03826 

■  S 

41 

9-60446 

9.9616^ 

9-64278 

10.35722 

-0.03831 

44 
4? 

9,60475 

9.96162 

9.64313 

10.35688 

10.0383S 

I0,3g;26 

16 

9-60503 

9,96(57 

g.64346 

10-35654 

10.03843 

10.39497 

46 

9.60532 

9.96151 

9.64381 

10,35619 

10.03849 

10.39468 

'4 

4'/ 

9.60561 

g.96146 

10.3558s 

10-03854 

48 

9.60589 

9.96140 

9.64449 

10.35551 

1 0.03  S  60 

'  0.394  II 

12 

49 
^0 

9,60618 

9.96135 

9.64483 

10.35517 

10.03865 

10,39332 

11 
10 

9-60647 

9.96129 

9,64517 

10.35433 

.0.03871 

i,-' 

9.6067  s 

9-96124 

9.64552 

10.3544a 

10.03877 

10.3932; 

s 

S* 

g.  60704 

9,9611! 

9.64586 

10.35414 

10.03882 

10.39296 

?■ 

9,60732 

9-96112 

g.6462c 

10.3538c 

10.03888 

10.39268 

7 

Si 

9,60761 

g.96107 

9.64654 

10.35346 

10.03893 

10.39239 

f 

9-60789 

g.96101 

9.64688 

10.35J12 

10.03899 

10.39211 

St- 

9,6081! 

9.96096 

9.64722 

10.35 17E 

10.0390; 

10.39182 

4 

t7 

9.60846 

9-96090 

9,64756 

10-35144 

10.03910 

■  0.39154 

? 

^a 

9.60875 

9-9608. 

9,64790 

10.35210 

10.03916 

10.3911; 

!i 

9.609c; 

9-96o7( 

9.6482, 

10.35176 

10.03921 

1 

g.6093 

9..;  607  3 

9.64858 

10.35142 

10.03927 

10- 39069 

a 

Sine. 

Twg. 

Secant. 

66  Z>#^«. 

^ 


I 
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A  Table  of  Artificial  Sines,                     ^| 

_                                       24  Ojp-W,                                              ( 

*    Sine. 

Tang. 

Secant. 

I  9.60360 
*  5'.6og88 
39.61016 
49-61045 

9.96073 
9.96067 
9.96061 
9.96056 
9.960  J 1 

9.64858 
9.64892 
9.64926 
9.64960 
9.64C)94 

10.35142 

lo.jsioS 
10.35074 
10.35040 
10.35006 

10,03917 
10-03933 
JO.03938 
10.03944 
.0.03950 

.0.3906,) 

10.35040 
10-3901 Z 

.0.335,84 

10. 3895  J 

5  O.6ro73 
«  9.61 101 
7g.6iU9 

9  9.6nS6 

9.96045 
9.96039 
9.96034 
9.96028 
9.96022 

9.65028 
9.65062 
?.65096 
9-651 30 
9.65164 

10.34972 
10.34938 
10.34904 
.0.34B70 
10.34836 

10.03955 
10,03961 
10,03967 
10.03972 
10.03978 

IO.386I7 

lo.jsSgg 

.0.3897' 
10.3884* 
10.388,4 

05.6121  + 
J  9.61242 
z  5.61270 

43.613:6 

9.96017 
9,9601. 
9.96005 
9.96000 

9-95994 

J. 65197 
9.6523. 
9.65265 
5,65299 

10.34603 
10.34769 

'0--H-35 
10.34701 
10,34667 

10.03983 
10.03989 
10,0399; 
10.04001 
r  a. 04006 

TO.  38?  ^6 

10.3S?S8 
10.3873d 
10.337Q2 
10.38674 

!-  J-6r3,-5 
ti.).5i333 
7  ;. 61411 
85.61439 
99.61467 

9.95988 
9.9S982 
9-95977 
9.9597. 
9.95965 

J, 65366 
9.65400 

J.6S434 

9.65467 
9.65501 

10.34634 
10.3460^1 
10.34506 
'°'34j33 
'^■34559 

10.040 12 
.0,04018 
10, 04c  23 
10,0.1  o2t; 
IO.C.4OJ5 

10.3B64'' 
10.3S6.S 
lo.sSi^' 

0  ).6i494 

1  9.61522 
29.61550 

3  9.0157B 

4  g.6i6o6 

9,95960 
9'959S4 
9.95948 
9-95943 
9-9S937 

0-9593' 
9.9592; 
9.95920 
9.95914 
g.9;9oS 
9.95902 

) 6560a 

9.65669 

10,34465 
10,54432 
10,34398 
10.34364 
10.34331 

10.04040 
10.04046 
.0.04052 
10.04058 
.0.04063 

ia.38;o6 

.0.3841, 

7  9.6l68g 
99.61717 
99.61745 
P  9.61773 

9.65703 
7.65736 
^.65770 
5.65303 
9.6583- 

9.6;8;o 

.0,34197 
io,34.264' 
io.34iZ30 
034'^7 
0.34163 
0.34130 

10.04069 
10.04075 
10,04081 
10,04086 
10.04093 
10.04098 

.0.38366 

.o.3f33f 

'"•J.»3,M 
.»3S.Sj 
.G.,!,3i 
o.jS.^ 

■.:-"'' 

^Sinc. 

r^H- 

' 

Secant. 

-  '     ■               ^^-miri^f                         ^_ 
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Tangents,  and  Secants. 

"!  "'F"'- 

S 

Sine. 

T..E. 

Secant. 

1^ 

9.6177J 

q.6l8oo 

9.61B2S 

9.61856 
9.61883 

5.95903 
9.9S897 
9.95891 

9.95885 
9.95879 

9.65870 
3.65904 

9-659J7 

[0.34130 
10,34096 
[  0.34063 
10.34029 
10.33996 

10.04093 
10.04104 
10,04109 
10.04115 
10.04121 

10.38227 
10.33.00 
'O.J8172 
10.38144 
.0.38117 

30 

29 

as 

3;  9.61911 
369.61939 

j7  9.61966 
389.61994 

399.62011 

9.95875 
9.95868 
9.95863 
9.95856 
9.95850 

9.66058 

9.6&7, 
9.6610^ 
9.66,3a 
,.66,7i 

10.3396: 
10.33929 
io.33Sgfj 
'0.3386^ 
10.33829 

.0.04127 
10.0+132 
10.04138 
10.04144 
10.04150 

10.38089 
1 0.38061 

10.3803+ 
.0.38006 
to.37979 

»5 
H 

6S 

kz 
at 

i 

IS 
'4 

'1 

9 

8 

I 

40 

♦3 
44 

I 

♦7 
+8 
49 

50 
5' 

S3 
S4 

!S 
i& 

^^ 

9.62049 
9.61076 
9,62104 
9.62131 
9.61159 

9.95845 
9.95839 

9.9SSJ) 

9.95837 
9.95S<1 

9.66304 
,.66338 

9.66271 
9.66304 
3-66337 

10.33796 
10.33762 
'0.33729 
10.33696 
10.33663 

10.04156 
10.04161 
10.04167 
10.04173 

10.04179 

10.37951 
10.3792+ 
.0.37396, 
10.37869 
10.37841 

9.62186 
9.6in^ 
9.62141 
9.62268 
).62J96 

9.95815 
9.95810 
9.95804 
9.95798 
9.95793 

9.e637. 
5.66404 
J.66437 
9.66470 
9.66504 

10.33629 
10.33596 
10.33563 
10.33530 
'0-33497 

10.04185 

10,04190 
10.04196 
10.04202 
10.04203 

.0.37814 
'0.37786 
'0-377S9 
10.37732 
'  0.37704 

9.62323 
9.623SC 
9.62377 
9,62405 
9.67432 

9.95786 
9.957S0 
9.9!77i 
9.95769 
9.95765 

9.66537 

9.66636 
J.66669 

10.33463 
.0.33430 
•0-33397 
'0-33364 
10.33331 

10.04214 
10.04220 
10.04225 

10.04231 
.0.04237 

10.37677 
.0.37650 
10.37623 
■'^■37595 
'0.37j68 

9.62459 
9.62486 
9.62314 
9.62541 
9.62^65 
9.62595 

9-95757 
9.957I' 
9.9574; 
9.9S735 
9-95734 
9.95738 

3.66702 
9.6573J; 
9.6676a 
5.66801 

g.66S34 
J.65867 

10.33298 
10.33265 
10.33232 
10,33199 
10.33166 
io.33133 

10,04243 
10.04249 
10.04255 

10.04261 
10.04267 
10,04272 

.0.375+. 
10.3751+ 

10.37487 
'0-37459 
10.37+32 
10.37+05 

5 

1 

0 

1;... 

,Sjnc. 

Tang. 

Secant. 

1 

ij—  —-  -               6s  i>„,p»-..                                  "1 

t  *74  ] 


A  Table  of  Aruacial  Sines,                    ^ 

*S  iJ'r«'- 

Sine. 

Tang. 

Secant. 

3.62595 

9.95728  9.66867 

10.33133 

10.04273 

60 

I 

^.bzbii 

9.95722,9.66900 

10.33100 

10.04278 

10.37578 

9.-«  264.1 

9.957169.6693; 

1D.33067 

10,04284 

5« 

; 

9.61676 

9-957'<^-66g66 

"o-sjoa-) 

10.04290 

s 

9.61703 

9.9570+19.66999 

10.33001 

10.04296 

10.37297 

0 

9.62730 

9.9569819.67032 

10.32968 

10.04302 

16.37270 

59 

9.62757 

9.9569219.67065 

"0-3293S 

10.0+308 

7 

9.6278:! 

9.9568619.6709; 

10.32902 

10.04314 

10.37216 

9.95680 

9.6713! 

10.32865 

10.04320 

10.37189 

1' 

9 

9.61838 

9.95674 

9.67  (63 

10.32837 

10.04326 

10.37,6a 

L 

9.61865 

9.95663 

9.67196 

10.32804 

10.04332 

10.3713; 

9.62892 

9.95663  ]9, 6722c 

10.31771 

IC.04338 

10.37108 

12 

9.62918 

9.95657 

9-67202 

.0,32738 

10.04343 

10.37081, 

': 

9-6?9+5 

9.95651 

9,67295 

10.32705 

10.04349 

10.37055 

'4 

9.62972 

9.95645 

9.673x7 

10.32673 

10.0+355 

10.37028  ji 

10.32640 

JO. 04361 

9.63026 

9'9S633 

9.67393 

10.32607 

10,04367 

10.36974, 

'7 

9.63052 

9.95627 

9.67426 

10.32574 

10.36948 

9.63079 

9,95621 

9.67458 

10.32542 

10.04379 

'9 

9.6310b 

9.95615 

9.67491 

10,32509 

10.04385 

10.36894  li 

9,63153 

9.95609 

9.67524 

10.32+76 

10,04391 

10.36867,  4 

21 

9.63159 

9-95603 

9.67556 

10.32444 

10.04397 

10.36841   g 

9.63186 

9-95 !97 

9.675SC 

10.32411 

10.04403 

10.368.4.  1 

=  ■ 

9.63213 

9.95591 

g.676z2 

10.3237S 

10,04409 

10.36787  ] 

^4 

9.63239 

9.95585 

9.6765:4 

10.32346 

10.04415 

10.36761,  3 

9.63266 

9-95579 

9.67687 

10.32313 

10.04421 

10-3673+  J 

9.63292 

9-95573 

9.67719 

10,32281 

10.04427 

10.36708  i 

27 

q.63319 

9.95567 

9.67752 

10,32248 

10.04433 

.0,3668,   , 

2tl 

9-63345 

9.95561 

9.677S5 

10.32215 

10.04439 

10.36655  3 

x<) 

9.6337-.! 

9-95S5I 

9.67817 

10.32183 

10.04445 

10.3661S   J 

30 

9.6339a 

9-9  S  549 

9.67850 

10.32150 

10.04451 

10,36601  31 

Sine. 

Tang. 

Secant. 

p 

64  Otgieei. 

^^^                  [  475  5 

1 

Tangents,  and  Secants. 

1 

1 

1 

2S  0,ir«,. 

a 

3" 
J' 

1' 
33 
3+ 

11 
37 
33 
39 

40 
4' 
4.2 
43 
44 

45 

+6 
47 
48 
49 

SO 
5' 

S2 

53 
54 

\i 
11 
& 

Sine. 

Tang. 

Secant. 

9.6339a 
5.634JS 
9.63451 

9-63478 
9.63504 

9-9SS49 
9-95543 
9-95537 
9>9553' 
9.955*5 

9,67850 
9.67882 
9.679.5 
9-67947 
9.67980 

10.32150 
10.321  iS 
10.32085 
10.32053 

10.32021 

10.0445. 
io.04457 
.0.04463 
10.04469 
10.04475 

10.36602 
10.36575 
10.36549 
10.36521 
.0. 36496 

30 
»9 
zS 
*7 
26 

9.6353, 
9-6355; 

9.63636 

9.9!S19 
?9SS'3 
9-95507 
9.95501 

9-95494 

9.68012 
9.68044 
9.68077 
9.68109 
9.631+2 

.0.31988 
10.3.956 
.0.3.923 

.0.31S9. 
.0.31858 

.0.04481 
1D.04487 
10.04494 
[  0.045 00 
10,04506 

10.36469 

r  0.36443 
.0.36417 
10.36390 
10.36364 

"5 

24 

^3 

20 

;i 

•7 

.6 

'S 

'3 
tz 

9 
S 

I 

5 
4 

3 

1 
0 

9.63661 
9^3680 
9.63715 
9.63741 

9-^37^7 

9.9  5  48  b 
9-9548* 
9.95476 
9'9547o 
9.95464 

^,.68174 
9.68206 
3.68239 
9.6817. 
9.68303 

10.31826 
.Q.31794 
.0.31761 
10.31729 
10.31697 

10.04512 
1 0.045 1 3 
10. 045 24 
10.04530 
10.04536 

'O.36338 
10.36311 

.0.36285 
fo.36259 
10,36233 

9.63794 
9.63820 
9.63846 
9.63873 
9.63898 

9.95458 
9.9545* 
9.95446 
9-95440 
9 '9  5  434 

9.68336 
9.68368 
9.68400 
9.68432 
9.68465 

iO.31664 

10.31632 
10.31600 
10.3.568 
'o-3'5  3S 

10,04541 
10.04543 
.0.04554 
10.04560 
10.04567 

10.36206 
10.36180 
10.36154 
10.36128 
io.36102 

9.63914 

9-63950 
9.63976 
9,64002 
9.64028 

9.95417 
9.95421 
9-95415 
9.95409 
9.95403 

9.68497 
9.68529 
5.68561 
9.68593 
9.68626 

.0,31503 

'0.3147' 
10.3.439 
.0.31407 
'o-3"37S 

T0.04573 
10.04579 
1 0.045  85 
10.04591 
10.04597 

10,36076 
'0.36050 
10.3O014 
10,35998 
10.35972 

9.6405 ^ 
9.640S0 
9.64106 
9.64132 
9.64153 
9.64.84 

9.95397 
9-9539» 
9.95385 
9-95378 
9.9537* 
9.95366 

9.68658 
9.68690 
9.68722 
9.68754 
9.68786 
9.68818 

.0.31342 
10.3.310 
.0.31278 

.0.31246 

.0.04603 
.0.04609 
10.04616 
10.04622 
.0.04628 
1 0.04634 

10,359+6 
10,35920 
.0.35894 
.0.35868 
10.35842 
10.358,6 

Sine. 

Tang. 

Secant. 

s 

6x  Ccfrm. 

J 

p 

1 

f 

A  Table  of  Artificial  Sines, 

1 

Sine. 

TaDg. 

Secant. 

60 

5.64 1 8^ 

9.95366 

g.688iB 

10.31,82 

.0.0463410.35816 

5.64.1  ic 

9.95300 

9.68850 

10,31.50 

io.04640  ;io.3s79c 

5I 

9'953S4|9-688a; 

.0,3.1.3 

S* 

5.642'-.2 

9.95348  |9'689i4 

10,31086 

10.04653 

10.3573! 

t' 

i 

9.64288 

9-95341 

9.68946 

10.31054 

10.04659 

.0.357.2 

56 

^ 

3.64314 

995335 

9,68978 

10.31022 

1 0.04665 

10.35687 

j- 

t 

h*>'^3i'. 

9'9S3*9 

9-690 IC 

10.30990 

,0.0467] 

10.35661 

7 

3.64365 

9-953»3 

9.69042 

10.30958 

10.04677 

'o-)s63f 

J^^H 

9.64391 

9-95  3 '7 

9.6907. 

10.30926 

10.04683 

10.35609 

3^^H 

9 

9.64417 

9.95310 

9.69106 

10.30894 

10.04690 

10.3558+ 

S 

9.64442 

9.93304 

9.69.38 

.0-10862 

10.04696 

10.35558 

1 

9.6446J. 

9.95298 

10.30830 

10.04702 

io-3!!>2 

^^^H 

12 

9.95797 

9-69202 

.0.30798 

10.04708 

10.35506 

^^^H 

'■ 

9,64s  1< 

9.95286 

9,69334 

10.30766 

10,04715 

10,35481 

^^^1 

'4 

9.6454.5 

9.95279 

g.6g;66 

10.30734 

10.04721 

'o-3S4SS 

1 

9.64571 

9-9S^73 

9.69298 

10.30703 

10.04727 

10,35430 

It 

9.64596 

9,95267 

9.6932c 

10-30671 

0.04733 

10.3540+ 

^^^1 

■  7 

9.64622 

9.95261 

9.69361 

10,30639 

0.04739 

10.35378 

la 

9.64647 

9.95254 

9-69393 

10.30607 

0.04746 

10.3J3S3 

^^^H 

'9 

9.64673 

9.95248 

9.69425 

10.3057s 

0,04752 

10.35317 

9 

9,64698 

9.95^4* 

10.30S43 

0,04758 

10.35301 

21 

9-64714 

9.95236 

9.69488 

10.305.2 

0,04764 

io.3S»76 

i^^^i 

22 

9.64749 

9,95229 

9.69510 

.0.30480 

0.04771 

'o-3S»S» 

t^^^i 

9.95223 

9.69552 

10.30+48 

0.04777 

10- 35  "J 

t^K^I 

21 

9.64800 

9.95217 

9.69584 

10.30416 

0.0478J 

10.35200 

9 

9.64326 

g.95211 

9.69615 

10.30385 

0.04789 

.0.35.74 

z6 

9.64851 

9.95204 

9.6964/ 

10.30353 

0,04796 

10.3  J.  49 

^^^H 

27 

9.64877 

9,95198 

9-69679 

10.3032T 

0.04802 

<o.3St2^  |J^ 

7K 

9.95192 

9.697,0 

10.30290 

0.04808 

■^■3509HW 

^■J 

9.95185 

9-6974* 

10.30^58 

0.04S15 

f°-35«7>fl^H 

k 

. 

9-'54953 

g.95179 

9.69774 

10,30726 

0.04821 

-35047  H 

HI 

Sine. 

Tang. 

Secant. 

1 

6]  fl,f,„,. 

L 

1 

iHfl} 


Twgencs,  and  Secants. 

a6  ZJ«Sr«.. 

f-     Sine! 

Tang. 

Secant.   1 

3P 

37 

36 

24 
»3 

;i; 

.6 

'5 

'4 
'3 

a 

I 

5 
4 

3 

0 

30  9.6+9,-3 

31  3.649;^ 

i~  5-65003 
i3  9-65029 
34  9.65053 

9. 95179 
9-95'73 
9-9>'67 
9.95160 
9.95154 

9.69774 
9.69805 
9.69837 
9.69at)9 
9.69900 

JO. 30226 
iO;joi9i 
10.30:63 
10.30132 
10.30100 

10.0482. 
10.04327 
■  0,04834 
10.0-840 
10.04S46 

10,35047 
10.35C22 
10.34997 
io,3497' 
10.34946 

i 
1 

'3J  9-6s°79 
369.65104 
379.6,-130 
.389.65155 
559.65130 

9-9S'48 
9.9514. 
9-9S'3S 
9.95129 
9-951" 

9.69932 
9.69963 
9.69995 
9.70026 
9.70058 

10.3Q06S 
10.30037 
10.30005 
10.29974 
10.29942 

10.04S52 
10.04S59 
10.04865 
10,04871 
r  0.04878 

10.34921 
1 0.34896 
10.34870 
10.34S45 
10.3482a 

1^09.65105 
41  9-$?i3'^ 
+zg.6ii,-C 
430.65281 
(W9'6s3o6 

9.95iit 
.).95iio 

9.95  lOJ 

;.9S097 
g.  9  509 1 

9.700S9 
3.70121 
J.70152 
9.70184 
9.70215 

10.29911 
10.2987.^ 
10.29M 
10.29316 
10.29785 

10.04834 
10.04S90 
.0.04897 
10,04903 
10.04:;  10 

10.34795 
'0:34770 
'0-347+S 
!  0.34719 
-0.34^94 

i-i  9-65331 

t7  9.65381 

ts*  5-6543  > 

9-95034 
9-9S07i 
9.95051 
0-95005 
9.95055 

9.7OZ47 
9.7OZ78 
a;703.o 
^.70341 
9.70372 

10.29753 
,0.29722 
10.29691 
10.296;.- 
1 0.29628 

1 0  049 1 6 
10.04922 
10.04929 
10-04935 
10.04.941 

10.34C69 
'0-3+C-H 

!  0.34619 

10.34594 
10.34569 

0,5.65+^6 
,  5.654S, 
^4.6S5,pf, 

9.95051 
■5.95046 
^.95030 
9-95033 
9.9  5  pa; 

3.70404 
9-70435 
3.7046(1 
3.7049S 
5.70529 

10.29596 

10.Z9534 
10.29502 
10.29471 

.0.0494E 
■0.D4954 
10.0496. 
^o.0496T 
10.04973 

10- 3  4;  44 

■0  34494 
10. 3  4-5  &9 
■  o.;4444 

.<;, 34420 
10,34395 
!0.343;o 
'0-34345 
10.34320 
10.3429s 

P 

9.950*0 
9.95014 
g.9500; 
9.95001 
9.9499; 
9,949Ht 

9.70560 

9.70592 
9.70623 
g.706i4 
g.7o6S5 
9-70? '7 

10.29446 
I0.S94OS 
10.29377 
10.29346 
■0.29315 
10.29383 

10.049S0 
10.049S6 
10.04993 
10.04999 
ro. 05006 
io.6;oi2 

1 

1  ,.,- 

,  Sine. 

Tan?. 

Secanr. 

S 

1 

63  Dc^nrs. 

1 

p 

^"^55^^^^^^^^^^ 

1 

■ 

A  Table  of  ArtlHcial  Sines, 

1 

■ 

2?  Drgret!. 

p 

g 
o 

sine. 

Tang. 

Secant. 

p. 657  05 

9.94988 

9.70717 

lo.zgzSj 

10,05012 

10.34295 

60 

1 

9-65730 

9.94982 

9.70748 

10 

29252 

10 

05018 

10.34270 

59 

z 

9.65754 

9-9497S 

9.70779 

10 

29221 

10 

05025 

10.34246 

S8 

3 

9.6.5779 

9.94969 

9.70810 

10 

29190 

10 

OJOjl 

10.54221 

57 

i 

4 

S 

9.65804 

9.9496Z 

g.70841 

10 

29159 

10 

05038 

10.34156 

^6 

9.6JS3S 

9  94956 

0-;o873 

ID 

19127 

^ 

05044 

»o.34J7z 

» 

6 

9.65853 

g.  94949 

9,70904 

10 

29096 

10 

05051 

» 0-34147 

^_ 

7 

9.65878 

9-94943 

9-70935 

10 

29065 

10 

05057 

10,34(22 

^1 

8 

9.65905 

9.94936 

9.70966 

10 

29034 

10 

05064 

10.34098 

^m 

9 

9.65917 

9.94930 

9.70997 

10 

29003 

10 

05070 

10.34073 

5> 

50 

9.65952 

9.94924 

9.71028 

~z 

28972 

^ 

05077 

10.34048 

IJ 

9,65976 

9-949' 7 

9.71059 

2894' 

10 

05083 

10.34024 

49 

IZ 

9.66001 

9.9491 1 

9.71090 

10 

28910 

10 

05090 

10.33999 

48 

13 

9.66oz6 

9.94904 

9.71IZI 

Z8B79 

05096 

10-3397J 

47 

1 

•4 

9.66050 

9.94898 

9.71153 

10 

28S48 

10 

05103 

10.33950 

46 

M 

•5 

9.66075 

9.94801 

9.71184 

to 

2S816 

i^ 

05109 

10.33525 

45 

J  6 

9.66099  9.9+ S85 

9.71215 

ID 

2S785 

10 

051 16 

10.33901 

44 

^^^K 

'7 

9.661249.9+878 

9.712+6 

10 

28754 

10 

o;V22 

1^0.33876 

+3 

^^^v 

iS 

9.661489-94.872 

9.71277 

10 

28723 

10 

05125 

*ffl.33852 

+* 

w 

'9 

20 

9.661739.94865 

9.71308 

10 

28692 

10 

05 1 3,5 

10.33827 

+1 

9.661979.94858 

9.71339 

^ 

28661 

10 

051.4^ 

(0.33S05 

21 

9.66ZZI  9.94852 

9-7 '37° 

10 

28630 

10 

05148 

'<^-33779 

fl^^l 

24 

9.66146  9'94.84! 

g. 71401 

10 

28600 

10 

051SS 

10. 33?  54 

i^^^l 

2J 

9.66z70  9'94839 

9-7'43' 

10 

28569 

10 

10.33730 

^^^1 

^_ 

24 

9.66295  9-94832 

9.71467 

10 

28538 

10 

05168 

10.33705 

^^1 

^H 

»i 

9.663199.94826 

9-7 '493 

10 

28507 

[^ 

OJ174 

10.J3681 

^H 

^^^1 

zB 

^663439.91^19 

9-71524 

10 

28476 

10 

05.8, 

10.33657 

I^^H 

^^^B 

■'7 

9.663689.9481; 

9-7'S5; 

10 

Z844; 

■10 

05I87 

io-336j» 

S^B 

^V 

zS 

q.66j9z  9.94S06 

9.71586 

10 

284.4 

ID 

05194 

ia.33605  1^ 

*■ 

Z9 

9.66416  9.94800 

9.71617 

10 

38383 

10 

□5Z01 

10.33584 

D 

^^1 

3° 

9.^6441  9.94793 

9.71648 

10 

2835^ 

10 

05207 

'0-53559 

B 

1 

Sire. 

f.. 

Tang. 

SkuuX. 

% 

L 

^iii: . — . 

1 

f  4?9] 


Tangents,  and  Secants. 

.?  Z),.^r.«. 

f 

Sine. 

Tang. 

Secant. 

^a 

9.66441 

9'9+793 

9.71648 

.0.28352 

10.05207 

10.33559 

30 

1' 

9,664(^5 

.).r,47i{6 

9.71675 

.0.28322 

10.05214 

'0-33S3S 

-:y 

11 

g.fie^ay 

9.94780 

9.71705 

10.28291 

io.05720 

.0.33;.! 

9.71740 

10.28360 

.o.o;227 

'0-334S7 

V 

3+ 

1^ 

9.66538 

9.94767 

3-71771 

10.28779 

10.05233 

.0.33^62 

z<i 

9.66561 

9.94760 

^7l8o2 

10.28198 

10.05240 

'0-3343B 

16 

g.665g6 

9 -9475  3 

9'7'833 

to.05247 

10.33414 

H 

17 

9.66610 

9-94747 

q.7lW6i 

.0.28.37 

1 0.05253 

to.33390 

23 

It 

9.666,  <, 

J- 94740 

9.71894 

10.28106 

^0.05260 

.0.33366 

22 

39 

9.66658 

l' 94734 

9.7(925 

.0.28075 

10.05267 

10.33342 

20 

g. 6668 2 

9.71956 

.0.28045 

1D.05273 

'0.333'8 

9.6(1707 

9.94720 

3.71986110.28014 

10.05280 

io.332C;4 

"i 

+1 

9.66731 

9.94714 

9.720I7J1O.I7983 

10.33269 

9.94707 

9.72048 

10.27952 

10.05293 

.0.33-245 

'7 

+4 

9.66779 

9.94700 

9.72078 

.0.27922 

10.05300 

10.33221 

'I 

9.66303 

9.94694 

9.71109 

.0.27891 

10.05306 

10.33197 

4'' 

9,66827 

9.94687 

9.72139 

.0.27860 

10.05313 

'D-33'73 

'4 

47 

q.66a^l 

9.94680 

9.72170 

.0.27830 

10.05320 

'0-33149 

'3 

4B 

9.66875 

9.94674 

9.72201 

.0.27799 

.0.05326 

10.33125 

12 

49 

9.66S99 

9.94667 

9.71232 

10.17769 

'O-0S333 

to.33101 

10 

9.72162 

.0,27738 

.0.05340 

.0.33078 

«' 

9.66946 

9.94654 

9.72193 

.0.27707 

10.05346 

io-3305-f 

9 

"J* 

9.66970 

9.94647 

;.7Z323 

10.27677 

'D-053S3 

10.33030 

9.946JC 

9-7»354 

ro.  27646 

10.05360 

10.33006 

7 

!4 

9-67018 

9'9-F34 

9.72384 

10.276.6 

.0.05366 

.0.32982 

S 

9.94627 

9.72415 

.0,2758; 

10.05373 

10.52958 

S" 

9.67066 

9.94620 

9.72445 

.o.27;s; 

ro.onSo 

10.32934 

4 

I? 

9.67090 

9.04614 

9.72476 

.0.27524 

,0.05386 

.0.32910 

S^ 

9.67113 

9.94607 

9.72507 

10.27494 

io.o5j93 

.0.32887 

2 

(f? 

9.67117 

P.9460C 

9-7*5.17 

10.27463 

io.05400 

10.32863 

1 

6p 

9.67161 

9.94594 

972567 

TO.27433 

10.05407 

10.32839 

S 

Sine. 

T«ng. 

Secant. 

62  D^«J.                                        J, 

i 

fi^J 

1 

H- 

A  Table  of  Artificiai  Sises,                  .  ] 
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1 

I 

28 

3 

4 

S 

t 
7 
8 
9 

10 

'3 
'4 

'5 

t; 

(K 
19 

21 
20 

30 

Sine. 

Tang. 

Secant. 

43 

M 

40 
35^ 

3« 
37 
36 

3!! 

-71 
S 

9.67161 
9.671S5 
9.67108 
9-6713^ 
9.67256 

9.94594  9-72567 

9.945809-72628 
9'94S73;9726S9 
9.94567J9.726S9 

10.27433 
10.27402 
10.27372 
10-27341 
io.273i( 

10.272S0 
10.27250 
10.27220 
J0.27189 
10.27159 

10.05407  10.32839 
10.05413:10.323.5 
10.05420  10.3^792 
10.05427  1°  3^768 
10.05433110.32744 

9.6718c 
9.67303 
9.67327 
9.673  J 1 
9-67374 

9-94  S  53 
9.94546 
9.94540 
9-945  3  J 

9.72750 
9.727S 
9.72811 
9.7aM4i 

10.05440 
i  0.05447 
10.05454 
10.05460 
10.05467 

10.32721 
10.3269/ 
'o-3»673 
10.32650 
10.32626 

9.6;39S 
9.67421 
9-6744S 
9.67468 
9.67492 

9.9+526 
9-945 '9 
'>94)n 
9,94;c6 
9,94499 

g.72872 
9.72502 
9.72932 
9'72',63 
9.72993 

10,27128 
10.27098 
10,27068 
■f  0.27037 
10.27007 

.0.05474 
.0.05481 
.0.05487 
10.05494 
10.05^01 

lo.jafiqi 
10.32579 
10-32555 

10.32532 

10.3  ifoa 

9.67  s.  6 
9.67539 
9.6756; 
9.67586 
9.67609 

9-9U9! 
9-94485 
9-94479 
9.94472 
9,94465 

9.73023 
9-73054 
9-73084 
9-7JII4 

9--3H4 

10.26977 
.0.26947 
10.26916 
10.26H86 
10.26856 

10.05508 
10.055.5 
.0.05521 
10.055:8 
10.0553^ 

•o-3a48^ 
J  0.3246. 
10.32438 

10.32414 
10.3239. 

9.6768c 
9.67703 
9.67726 

9.94458 
3-9445 ' 
9-94445 
9-9443  S 
9-5443' 

9-73'7S 
9.73205 
973^35 
9-73I&S 
9.73296 

.0.26825 
.0.2679s 
10.26765 
10.2673; 
10,36705 

.0.05542 
10.05549 
.0.05555 
10.05562 
.0.05569 

10.3236; 
>o- 3*344 
10.3232c 
10,32297 
.D.32274 

9.67750 

9-67  7  7.1 
9:67796 
9.67820 
9-6784, 
9.67366 

9.94424 
9-9'(4'/ 
9.94410 
9.94404 
9-94397 
9.94390 

9-733^6 
9-733 16 
9.733S6 
9.73416 
9-73446 
9-73+7-6 

ID.26674 
.0.26644 
10.26614 
.0.36534 
10.26554 
10.26524 

10.05576 
'o.05S«3 
10.05590 
10,05596 
10.05603 
iQ.0^010 

10.32250 
10.32327 
10.32204 
1.0,321.80 
10.32157 
i  0.3  2 1.3  4. 

Sine. 

Secant. 

frl    Z)iyrf,.f. 

^^           j^HHi 

1 
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Tangents,  and  Secants. 

2S  Digriis. 

3 
10 

Sine. 

Tang. 

Secant.   | 

9.67866 

9-94390 

973476 

10.26524 

10.05610  10.32114  3 

9,67890 

9-9+3  M3 

9-73507 

10.26493 

10.05617  10.32110  2 

tf 

12 

9.67915 

'J  9f  37^ 

')-73J37 

,0.26463 

10.05624  10.320^7  2 

H 

9.67936 

9.91369 

9-7351^7 

r  0.26433 

10,05631  10.32064  2 

7 

34 

9.67959 

9.9436; 

9-73S97 

r  0.26403 

10.OS63B1IO.31041   z. 

9.67981 

9.73627 

10.26373 

10.05645 '10.3201S  2 

^6 

9.6S006 

9.73657 

ro.26343 

10.05651,10.31994  2 

9.6S019 

9-73687 

10,26313 

10.05658  10.31971   2 

is 

9.6805  z 

9.73717 

10.26283 

10.05665  lo. 31948  z 

39 
40 

9.68075 

9.94328 

9-73747 

10.26253 

10.05672    10.31925    2 

h 

9.68098 

9.94321 

9-73777 

ID. 26223 

10.05679   10.31902    2 

9.68121 

9.73307 

I0.z5i93 

IO.O56S6    10.3.879    , 

4- 

9.6t«44 

9-94307 

9-73837 

10.05693110.31356    1 

■i 

+1 

9.6K167 

9,94300 

9.73S67 

10.26133 

io.o;7co 

10.31853   . 

7 

44 
4'i 

9.6a  191 

9.6SZI4 

9-94^93 

9-73897 

10.26103 

io. 05707 

10  31810  1 

9.94286 

9.73927 

10.26073 

io.05714 

10.3. 7S7  ■ 

? 

46 

9.682J7 

9.042S0 

9-73957 

10.26043 

10.05721 

10.3.764  1 

■» 

47 

9.68260 

9.94273 

9-73987 

10.26013 

10.05727 

10.31741    > 

1 

4a 

9,68iS3 

9.94266 

9.74017 

10.25983 

10.05734 

to.31718  . 

a 

49 

9.6E306 

3.94259 

9.74047 

10.25953 

10.05741 

10.31695   . 

'■ 

g.68328 

9.94252 

9.74077 

10.25923 

10.05748 

■  0.3167.   1 

0 

9,68351 

tf-942lS 

9,74107 

.0.25893 

10.C5755 

10,31649 

9 

■^2 

9.68374 

9.9+23 1 

974157 

10.25864 

n 

9.68397 

9.94231 

g.74166 

10.25834 

10.135769 

10.31603 

7 

;+ 

9.68420 

9.94124 

9.74196 

10.25804 

10.05776 

10.31580 

9.68H: 

9.94217 

9.74226 

10.25774 

10.0^83 

10,31557 

^ 

9.68466 

9.94210 

9.74256 

10.25744 

10.05790 

10,31534 

- 

q.b^^c> 

9.94203 

9.742S6 

10.25714 

10.05797 

■  0,31511 

. 

?M 

9.b8,.2 

9.941969.74316 

10.25684 

io.o(So4 

■  0.3.489 

9.68534 

9.94189  rj. 74345 

10.256s! 

10.058.1 

.0.31466 

60 

9.68557 

9.9418^9-74375 

10.25625 

10.J1443 

Sine. 

Tang. 

Secant.    ; 

61   Digrm. 

1  + J 


A  Table  of  Artificial  Sines, 

zg   Desna. 

1-    Sine. 

Tang. 

Secant. 

60 

59 

3 
4 

S 
b 

7 
8 
9 

'3 
'4 

'5 

lb 
I? 
|8 

i 

1! 

9.68557 
9.6H580 

9.6S625 

9.6S64K 

9.94I8Z 
9.94175 

9.94168 
9.94161 

9.94154 

g-94i4r 
9.94140 
9-94133 
9.94126 
9.94119 

)-743;5 
9.74405 
9-74435 
9.74465 
9.7449-1- 

10.85625 
10.25591 
jo.2^5(35 
10.2553^ 
10.25500 

10.05S18 
io.Oi;B25 
10.05832 
10.0583*) 
10.05846 

10.31443 
10.31420 
10.31597 

io-3"375 
10.31352 

g.68671 
9.68694 
9.68716 
9.687.19 
9.68762 

0.74524 
974?5+ 
9-74584 
9.74615 
9-7+64J 

10.25476 
10.25446 
10,2541:7 
■  0.^5387 
10.25357 

10.05853 
io.o;86o 
10.05867 
10.05874 
10,05881 

10.31329 
10.31306 
10.3128+ 
10.31261 
10.31258 

9.68784 
9.68807 
9.68830 
9.68SJZ 
9.68875 

9.94112 
9.94105 
9.94098 
9.94091 
9.94083 

574675 
3.74702 
J-74732 
9.74762 
9.74791 

10.25327 
10.252^8 
10.25268 
10.Z5238 
10.25209 

10.05888 
10.0589; 
10.05902 
10.05910 
10.05917 

10.31*16 
10.31195 
10.31171 
10.31145 
,o.ji..; 

*S 

■ 

9.68897 
9.68920 
9.68942 
9.68965 
9.66987 

9,9^076 
9.94069 
9.94062 
9.9405  s 
9.9404b 

9.94041 

9-94°-' 4 
9.94027 
9,94020 
9-94013 

9.74811 
9.74851 
9.74880 
9.74910 
9-74939 

10.25170 
lo.syso 

lo:2^6'^ 

10.05924 
■  0.05931 
10.0503S 
10.05945 
10.05952 

10.31103 
10.31080 
10.31058 
10.3105s 
10.31013 

g-Cgoio 
9.6()032 
9.69055 
^.69077 

9.69  lOD 

9.74969 
■J-7499Q 
9.75028 
9.7;o;S 
9.7S087' 

10.25031 
10.25002 
10.74972 
10.24942 
10.24913 

10.050,-9 
10,05966 
10.05973 
10.05980 
10.05988 

10.30990 
10.30963 
io.iog+5, 
10.30913 
10.30900 

]| 

1 

g.69122 
9.69144 

9.69167 

9.69185 
9.69211 
9.69134 

g.9400; 
9-9395" 
9-9399' 
.j.9398,, 
9-93977 
9.93970 

9.75117 
9.75146 
9-7S'76 
J-75^05 

;.7S^3; 

.5.75264 

10,24883 
10.24854 
10.248^4 
10.24795 

10,24736 

10.05995 
io.o6co£ 
10.06009 

10.06016 

10.06023 
10.06330 

.0,30878 
10, 30856 
10.30^33 
10.30811 
10.30788 
10.30766 

15 

3 

Sine. 

T.ng. 

Secant. 

6q   Z),swi. 

1 
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Tangents,  and  Secants. 

2  9  Degrees. 

K 

30 

3' 
3^ 
33 
31- 

Sine, 

Tang. 

Secant.   1 

30 

:i 

27 

26 
24 

»3 

22 
'9 

.8 

''" 

'5 
•4 
13 

9 
S 

I 

5' 
4- 
5 

9.69234 
9.b9Z56 

9.6^301 
9.69323 

9.93970 
9-939f'3 
9'9395f 
9.93. ^+8 
9.^,39+1 

9-75264 
'1. 75294 
■J-;!323 
■?75353 
9.75381 

10.2+716 
10.24706 
,0.24677 
10.2464/ 
10.24618 

1 0.06030 
10.06038 
10.060+5 
■  0.06052 
io,otio59 

10.30766 
10.3073+ 
10.30721 
10.30699 
10.30677 

11 

37 
38 
39 

40 
4' 

42 
43 
44 

49 

9-6934S 
9.6936b 
9.69390 
9.69412 
9.65434 

9-93934 
9-939^7 
9-539'9 
9.93917 
9.93905 

9.75412 
9-7S44' 
9-7547° 
9.75500 
9-7;S29 

10.14589 
10.24559 

1O.S-1530 
10.Z4500 
.0.2447. 

10.06066 
10.06073 
10.06080 
10.06088 
10.0609; 

10.30655 
10.30632 
.0.306.0 
10.30588 
10.30566 

9.69456 

969479 
9.69501 
9.69523 
9-69545 

9.93898 
9.93891 
9.93885 
9.93876 
9.93869 

9-75558 
9-75588 
9.75617 
9.75647 
9.75676 

ic..  24442 
10.24412 
10.2+383 
10. 2+354 
10,2+32+ 

io,o6ioz 
to.o6log 
10.06116 
10.0612+ 
10.06131 

10.305++ 
10.30521 
.0.30+99 
[  0.3  0+77 
r  030+5; 

9.69567 
9.69589 
9^69611 
9-69635 
9.^9655 

9.93862 
9-93855 
9.93845, 
9-p3*t4o 
9|l3A33 

9-75705 
9-75735 
9-7S7*'4 
9-75793 
9.7|S2J 

10.2+295 

10.24266 
10.24236 

io.?+*?e 

10.06138 
1 0.06 14; 
[0,06153 
10.06160 
io,i6i67 

to.  30+33 
.0.3041, 
.0.303  Br, 

lO^OilfY 

10,3034; 

50 

S' 

S3 
S4 

S5 
S6 

9.60^77 
9.69700 
9.6Q721 
9.69744 
9.6976; 

g.93826 
9.93819 
9.93811 
9.93  B04 
9-J3797 

g.^75852 
9.75SS. 
9.75910 
q.75940 
9.75969 

(0.2+.+S 

lo.a+l'ig 
lO.Z+090 
io.24d6i 

ID.  24031 

10.06174 
10.06182 
.0,06189 
10.06196 
10.06203 

■o.303;3 
TO.30301 
10.30279 
10.30257 
10.30235 

9,697^7 
9.69809 
9,69831 
9.69853 
9.69875 
9-69897 

993790 
9-93781 

9-93775 
9.93768 
9.53760 
9-93753 

9.75998 
9.76027 
9.76056 
g.76086 
9.76115 
9-76144 

10.24002 
.0.23973 
10.239++ 
10.2391  + 
TO.23885 
10.23856 

10.06211 
10.06218 
10.0622; 
10.06232 
10.062^0 
10.06247 

10,30213 
IO.3019E 
ro-30169 
10.301+7 
10.3012; 
10.30103 

Sine. 

Tang. 

Secant. 

60  Degrees.                                                \ 

lU 


i 

1 

t  4^  -i 

1 

A  liable  of  Artificial  Sines,                     i 

_  JO  0^r(«.                                                  J 

d 

Oj9.6')857 

T=.ng. 

Secant. 

■     ■     \'- 

j 

1 

?-937S.i 

j,76r44 

10.23856 

10.06247 

10.30103 

^H 

i\<).b:.r)ig 

3.9374C 

5.76173 

10.23827 

io.ot.2S4 

10.3008/ 

{I^^H 

■^    - 

jig.fifjy^i 

?93T?5 

5.7620: 

10,23798 

10.30055 

K 

3g.oyjDj 

>9373' 

hiSz-^i 

10.23765 

10.06269 

10,3003? 

<n^l 

P 

+19,69984 

'^■93724 

1-76=01 

10.23776 

10.06276 

11 

9.9371- 

5.76190 

10.23710 

10.06184 

10:2999* 

6J9.70OIB 

9.9370-; 

9,76319  10.23681 

10.06291 

10.299;;* 

^^^^1 

7J<;.70050 

9-93702 

9.763+8;io.2365Z 

10.06198 

10.19950 

8b.7C07i 

9b  ■70093 

7.91695 

9.76377  10.23623 

10. 06^05 

io;»V9«8 

^^^1 

9.9368; 

.)764o6jio.23;g., 

10C6311 

10.39907 

^H 

I9.936S0 

5.7643;|io.:3565 

,0.06320 

,o.29S«S 

^1 

|i 

10.0632S 

10,29865 

^^^1 

11 

9.70155 

9.9366s 

10.06335 

io.X98fa 

^^^1 

9.70180 

9.93658 

■).76;2z,!o.z54-8 

,0.06342 

lo:!t9»»» 

^^^1 

^ 

"4 

9,70:01 

9.93651 

;76sai 

io.Z34i9 

10.063  ;o 

10.29798 

g^l 

9,93643 

)  76)8 

10.73420 

10.06357 

io,::977'J 

(5 

16 

9.70245 

^.9365^ 

(.766  ic 

.0.2359, 

10.29755 

■M 

^^^E 

9.70267 

9.9362? 

io.23-?62 

,0.06372 

(o,2Q73S 

43 

tSg-ToiSt 

9.93621 

,'o-=333.'t 

10.06370 

10.29712 

,2 

I 

'9 

i6 

9-703 'o 

993614 

9  7^''97 

^ 0.23 304 

1C.C6386 

■  0.2..690 

4' 

^■7035: 

9,93606 

10.20668 

g.76736]in.-3275 

10.06394 

^K       - 

9-703^: 

9-91S99 

)-7fi755''a;'-.v'- 

10.06401 

!0. 29647 

,iy 

B     ' 

II 

9- 703?! 

g.93c;ci 

1  ySj-i^;  lOT-^-'.T 

10.06409 

.0.29625 

3M 

11 

9.70396 

9-9_-f*'+ 

5.76Sr:'!C..;;i8li 

10.06416 

10.29604 

V 

I 

2* 

2? 

g.70418 

9  93S7- 

').76>4!  10,23  Ky 
5.76871^  10.33130 

.0.06423 

10.29582 

3i 

9:7045c 
9,7046 

.^.935613 

10.06431 

10-29561 

■ 

9  93Sf' 

5.768fT5  10.23101 

10.06.;  3  P 

10.2953s 

?4 

^1    ' 

27 

9.7048; 

9-93S!' 

9.7691s  10.23072 

10.06446 

lo.29fj8 

3i 

9.705c, 

9-93S4- 

9.76957  10.2304- 

10.064;' 

i0.394<;d 

!= 

^^H 

=t 

9.70515 

9.9354c 

J.769S6  io.J30i4Jto.c646i 

10.29475; 

3' 

^B 

JO 

9-705+7 

9.93533 

3.76015  10  129^5 

10.294  s  5 

30 

■ 

^' 

' 

Sine.    1                  Tang, 

Secant. 

I 

1 

■ 

^0  Df'Ti-.n,                                                J 

1 

H 

^^^^        [  485  1 

n 

Tangents,  and  Secants. 

1 

30  Dtgrm. 

^0 

Sice. 

Tang. 

Secant. 

9.70547 

9-93S3- 

9.77015 

,0.2.93; 

10.06468 

10.29453 

^' 

9.70,-68 

9ViS^i 

9-77044 

10.22950 

10 

06475 

10.29432 

29 

9-93S'7 

9  77073 

10.22927 

lO 

ot.4bi 

78 

9.93510 

9.77101 

10.22899 

10 

06490 

10.29389 

34 

970633 

9.93502 

9-77»30 

10.22870 

10 

0649s 

10.29367 

26 

9.70654 

9-93  49  S 

9.771-59 

10.22841 

iO 

06505 

10.29346 

3D 

9.7067; 

9-93487 

9.77 1S8 

10.2281; 

10 

06513 

10.29325 

■57 

9.7069- 

9.93480 

9.77217 

.0.22783 

10 

06,20 

10.29303 

ai 

iw 

9.707 1 S 

9.9  347  2 

9.77246 

10,22754 

LU 

10.29282 

Z2 

39 

9.70739 

9,93465 

9.7727s 

10.2Z72D 

lU 

<^^53S 

10.29261 

21 

9.70761 

9-934!" 

9-77303 

10.22697 

10 

06543 

9.70782 

9-93450 

9-77332 

06550 

0.29213 

1^ 

9.70801 

9.93442 

9.77361 

10.11639 

10 

00558 

■  0.29197 

|8 

4^ 

9.70SZ; 

9-9343  S 

9-7739° 

10.22610 

10 

06565 

ID.29175 

44 

4^ 

970846 

9-934^7 

9.77418 

10.2258; 

;o 

oi=573 

I0.391S4 

|6 

g.70867 

9.93430 

9-77447 

10.12553 

10 

0.-.5S0 

10.29,33 

4b 

9.93412 

9.77476 

10.22524 

10 

10.29112 

9.70905 

9-93405 

9-77505 

10.22495 

lU 

0U595 

.0.29091 

4!^ 

9.70931 

993397 

9-77S3: 

10  22467 

10.29069 

49 

9.70951 

9-933g<=' 

9.77562 

IO.Z243S 

[O 

10.2904S 

- 

9-70973 

9.93382 

9.7759. 

10.32405 

.0 

c66iS 

10.29027 

9-9337'; 

9.77621 

10.22381 

10 

10.29006 

9.71015 

9.71036 

9- 93  35? 

9.7764B 

10.23352 

10 

06631 

10.28985 

8 

■il 

9.93360 

9.77677 

10.223^3 

10 

06640 

10-28964 

7 

54 

9.7105S 

9-93352 

9.77706 

10.22295 

10 

10.2S943 

9-71079 

9-93344 

9-77734 

10.Z2266 

10 

06656 

TO.  28921 

s" 

9.71100 

9-93337 

9.7776; 

10.22237 

10 

otbt^ 

10.28900 

<;7 

9.71121 

9.93321 

9.77792 

.0.22:0^ 

3 

?t 

9-9332^ 

9.77S20 

10 

06678 

IO.2885S 

9-9331' 

Q.77H4', 

10.22151 

10 

06686 

10-28837 

1 

60 

9.7ii«4 

9-93307 

9-77877 

I0.22J23 

10.06693 

10.28816 

% 

Sine. 

Tn.,g. 

Secant. 

59    Oegreei. 

J 

■ 

^^r        [  486  ]             ^ 

n 

1 

1 

A  Table  of  Artificial  Sines, 

\ 

31    Dcprcci. 

3 

i 
I 

9 
10 

'3 

H 

'S 
16 
'? 
■  8 
>9 

ja 

'! 

j6 
'7 
2^ 
29 
30 

Sine. 

Tang. 

Secant. 

9.71.84 
9.71105 

9*93307 
9-93*99 
9.93^91 
9.95284 
9-93^7'' 

V 77377 
9.77906 
9-7793! 
y'77963 
9,77992 

IO.J21I3 

,0.22094 
10.22065 
I  rj.  22037 
1O.Z2008 

.0.06093 
10.06701 
10.06709 
.0.06716 
10.06724 

10.28816 
.0.2S79J 
ic  2*774 
"0.2S753 

T0.2«7h 

\ 

9.71289 
5.71JIO 

9-7'33' 
9.71352 
)-7i373 

9.93269 
9.93261 

9-'?3iS3 
9,93246 
9'93=38 

9.;So3o 
9.78049 
9.7B078 
9.78.06 
9'78i3! 

1O.219S0 

10.21951 
10.21923 

10.21894 
10.21865 

10.06-/32 
10.06739 
10,06747 
.o.o^7S4 
10,06762 

10. 21^711 

10.28&90 
10.28669 
(0.28648 

10.28627 

S-4 
S5 

5.71394 
9.714'  + 
9-7H35 
9.71456 
97'47: 

9-93  23--- 
9.93223 
9.93215 
g.95207 
9-93200 

9.78163 
5^78192 
9.78220 
9.78249 
9.78277 

,o,2i8j7 
10.21808 
10.21780 

10.06770 
10,06777 
10.0678; 
10,06793 
10.06800 

10.38607 

io.z3s86 

.0.28565 
10,285+4 
.0.28523 

I 

9.7149S 
g.71519 
9-7 '53V 
9.71560 
9.71581 

9.93192 
g.93185 
993177 
9-93  "'g 
9.93161 

9^8306 
9-78334 
9-78363 
9.73391 
9,78419 

.0.21694 

10.21666 

10.2 1 6j7 

10.21609 

10.06808 
.o.o6t>i6 
■  0.06S23 
lo.oOS;. 
.0.06839 

10.28:502 
10.28IJB1 

10.28461 
■  0.28440 
10,28419 

4i 

H 
t3 

4» 

9.716+3 
9,71664 
9.7i63i 

''■93'S4 
9-93146 
9>93"38 
9 93 '3' 
9.93123 

9,78448 
9.78476 
9-76505 
9-78533 
9.78562 

io.2i!S2 
10,2.524 
1P.2149S 
.0.21467 
10.2.438 

10.06S46 
.0.06854 
1 0.06862 
10.06869 
10.06877 

10,28398 
.0.2S37S 
10.28357 
10.28^36 
.0.2831; 

40 

9.71705 
9.71726 
9-71747 
9.71767 
g.7i78>i 
9.71809 

9.9311! 
9.93 '08 
9.93100 
9,93092 
9,93084 
9,93077 

9.78590 
9.7S618 
9.^8647 
9.78675 
9-78704 
9.78732 

10.SI410 

10.21353 
10-21325 
10.21296 
10.11268 

10.068S5 
10.06893 
.0.06900 
10,06908 
10.06916 
10.06523 

.0.28195 
10.28274 
10,28253 
10.28233 
10,28212 
10,28192 

JS 
34 
S3 
J« 

31 
V> 

Sine. 

1    Tang. 

Secaut. 

1 

58   Dfgr^a. 

^ 

1 

1 487 1 


Tangents,  and  Secancs. 

31  D/grtes. 

S 

Sine. 

Tang. 

Secant. 

9.71809 

9-93077 

9.7S732 

10.21268 

10.06923 

10.28191  30 

9.71829 

9.93069 

9.78700 

10.21240 

.0.0693. 

10.28171  29 

9.71850 

g.93061 

9.78785 

10.21211 

io.06939 

.0.28150  28 

9.7187c 

9-930S3 

9.7S817 

10.21183 

IQ.  06947 

■  0.28130  27 

g.71891 

9.93046 

9.78845 

10.2Il;s 

10.06954 

i 0.28 109  z6 

9.71911 

9.93038 

9.78874 

10.21126 

1  0.06962 

10.28089  25 

9.71932 

9,93030 

9.78902 

.0.2.098 

10.06970 

10.28068  24 

9-71953 

9.93022 

9.78930 

10.06978 

10.28048  25 

971973 

y.9301; 

9-78955 

.0.2104? 

10.06986 

10.28027    22 

9.71994 

9.93007 

9.78987 

.0,210.3 

10.06993 

10.28007    21 

9.720H 

9.92999 

g. 7901 5 

IO.Z09S; 

to. 07001 

10.27986  zo 

9.7203; 

9.92991 

9.79043 

10.20957 

10.07009 

10.27966    15 

9.7205; 

9-9^9'^J 

9.79072 

.0.20928 

10.07017 

9.7207; 

9.92976 

9.79100 

.0.10900 

10.0702; 

9.72096 

9.92968 

9.79128 

IO.20S7Z 

10.07032 

10.27904   16 

9.7ZI16 

9.92960 

g.79156 

.O.20S44 

10.07040 

.0.27884  ,s 

972'37 

9.92952 

9.7918; 

10.20815 

10.07048 

10.27863  14 

9.72157 

9.92944 

9.79213 

.0.20787 

iO.07056 

10.27843  13 

9.72177 

9.92936 

9.79241 

.0.20759 

10.07064 

'0.27823  ,2 

9.72198 

9-9=929 

9.79269 

10.2073. 

10.07071 

10.27S02  n 

9.7^2.8 

9.92921 

9.79297 

10.20703 

.0.2778.  ,0 

9.72239 

9.92913 

9.79326 

10.20674 

10.07087 

10.27761      g 

9.9290; 

9-793S4 

10.07095 

9-72279 

9.92S97 

9.79382 

10.07103 

10.27721    7 

9.72299 

9.928S9 

9.79410 

r  0.20590 

10.17701     6 

9.71320 

9.92881 

9-7943S 

.0.20562 

.0.071  iB 

10.27680    5 

9.7234c 

9.92874 

9.79466 

10.20534 

10.07.26 

.0.27660    4 

V 

9.72360 

9.92866 

9-79495 

10.20505 

10.07134 

10.27640    3 

?B 

9.72381 

9.92858 

9-795*3 

10.20477 

10.07142 

.0.27620  i 

5^ 

9.724«" 

9.92850 

9-79!5' 

9.72421 

9.92842 

9-79S79 

10.20421 

10.07158 

.0.27579    0 

Sine. 

Tang. 

Secant.     ^ 

S8   D^grr^s.                                                 1 

p 

^^r        1 4|?  J            ^ 

1 

pr 

A  Tabte^of  ATOftiit  Stnesr 

.           5'  .%■•',• 

— 

O 

3 
4 

SSie. 

'  "■     " 

Tfng- 

>:' 

.Secant. 

Lk 

H 

1 

5.72421 
3.774+1 
9,74461 
9.72+82 
9,72502 

9.92842 
9.9^834 
9.9182; 
9.92818 
9,923(f 

9.79607 

9.79663 
9.79691 

10.Z0421 
10:20393 
10.20365 
10.20337 
10.20309 

10.07158 
10.07166 
10.07174 
i  0.07  IBs 

10.07190 

10.27579 
«oi7559 
•0-27539 
40,27518 
.0.2749S 

60 

1 

1 

5 
6 

9 

I 

.'S 
16 

\l 

<9 

9.72522 

9.7Z;6i 
9.72581 
9.72602 

9,92lio3 
9.92795 
9.92787 
9.92779 
9.92771 

9.79713 
?79747 
9.79776 
9.7  9804 
9.79832 

10.20253 

1O.I0J2S 

10^20168 

10.0720; 
10.07213 
10.07221 
10.07219 

,0.27478 
10.27458 
.0.27438 
10.27418 
.0.27398 

.0,2737; 

'0-17337 
10.27317 
to.  27 197 

5 

J 

I 

t 

« 

V 

1 

9.7:6=3 
9.726^3 
g.;266^ 
9.72683 
9.72703 

9.97763 

9.92747 
9-92739 
9.92731 

5.79S60 
3.79888 
;.799i6 
9.79944 
9.79973 

10.ZOI40 
10.20084. 

io.2oo;6 
10.20028 

10.07237 
10.07245 

Ioo"6i 
.'0:07265 

r 

9.72723 

9-72743 
9-7*763 

9.72803 

9.927Z3 
9.927  J  J 

9.92707 
9.9269^ 
9.92691 

9.8000c 

J,S0O2& 

9.80056 
9.30084 
9.80112 

ic.zQooo 
10.19972 
10.19944 
10.19916 
10.19888 

10.07777 
10.07785 
to-07293 
10.67301 
10.07309 

10.27277 
io.273;7' 
.0.27J37' 
10.27217' 
10.27.97 

4 

fo 

9.72823 

9.92683 
9.9267; 
9,92667 
9.92659 
992651 

9,80140 
g.8oi6g 
9.80196 
g.8022; 
9,80251 

io,igS6o 
10.19833 
10.19S05 
10.19777 
10.19749 

10.07317 

10.27177 
10.27157 
10.27137 
10.27113 
10.77096 

1.9.71863 
239.72885 
14  9.7280Z 

!5  [9.7292! 
26:9.72942 
179,72962 
289.72982 
299,73002 
3019.73022 

10.07325 

10.0734"; 
10.073^9 

^ 

9.92643 
9,9263; 
9.92627 
9.92619 
9 9261 1 
9.92603 

9.80279 
9.80307 
9-8033  s 
9.80363 
9.80351 
9,80419 

10.19711 
10.19693 
10.1 966  J 
10.19637 

10.  T  9609 

io.ir,58i 

100736; 
10.07373 
10.07581 
10.07389 
10.07397 

10.27078 
10.27058 
10.27038 

0.26998 
0.2697S 

5 
4 

; 
0 

f 

Sine. 

Tang. 

Secant. 

> 

3 

L 

IL — f , .1 

fc....      ^^^^ 

1 

n 

1 

Tangents,  and  Secants. 

¥ 

30 
j' 

32 
33 
34 

35 

36 
37 
3S 

>9 

40 
41 
4.2 
.+3 
44 

:i 

47 
48 
49 

5° 

S3 

ss 

s^ 

!' 

Sine. 

Tang. 

|s_ 

*■ 
30 

29 

28 

'7 
26 

*S 
Z4 
23 

2t 

'9 
18 

:i 

'5 
H 
'3 

9.73032 

7.73081 
9.73101 

y.9'26o3 
9-92!95 

9.5,2579 
9.92571 

9.80419 
9,80447 
9.80475 
9.80502 
9.80530 

10.19581 

10.19553 
10.19526 
10.19498 

10..  9470 

10.07397 
10.0740; 
10.07+ .3 
10.0742, 
10.07429 

.0.2697^ 
10.16959 
10.26939 
10.26919 
.0.16899 

j.;3i2i 
J73«4a 
9.73160 
3.73180 
9.73^<io 

9-92593 
9-9^555 
9,91547 
9,92538 
9.92530 

9.So5;3 
9.80586 
9.80614 
9.80642 
9.S0S69 

10.19442 
10.19414 

.0..9386 

'°-'93!9 
10.19331 

10.07+37 
10.07446 
.0.07^54 
10.07462 
■  0.07+7:;. 

1 0.16879 
10.26860 

.0.26S40 
.o..68io 
10,26800 

9.73219 
9-73^39 
9-7ji59 
9-73278 
9-73^98 

9.92522 
9,92514 
9.9250; 
9.9249S 
9.92490 

y.SoSg? 
J.B0725 

9-80-53 
9.807S1 
^,BoSo8 

10.19303 
10.19275 
10.19247 
lo.igzro 
10.19192 

10.074-8 
.0.07486 
.0.07494 
10.07502 
.0.O7;i0 

10.26781 
10.2&761 

io.2;,7+, 
10,26712 
10.26702 

9733'8 
?-73337 
9-733S7 
9-73377 
9-73396 

9.92482 
9-9H7-J 
9.92465 
9.91457 
9.92449 

9.80836 
9.80864 
9.80892 
9.80919 
9.80947 

10.19164 
10.19136 

.0.19053 

IO.0751S 
10.07517 

'°-07J34 
10.07543 
[o.07!;i 

10.26682 
10.26663 

10,166+3 
.0.2662+ 
.0.26604 

9.73+16 
9-73435 
9-734SJ 
9-73474 
9-73494 

9.92441 
9.92433 
9.924,25 
9.92416 
9.92408 

9.8097; 
9.81003 
9.81030 
9.81058 
9.81086 

10.19025 
10.18998 
10.18970 
10.18942 
10.18914 

10.07559 
10.07567 
.0.07575 
10.07584 
.0.07591 

10.165S+ 
10.26565 
10.265+5 
10.16516 
.0.16506 

10 
9 
8 

I 

s 

4 

3 

9-7JS'3 
9-73,-53 
973S5J 

;73r2 

9-9240' 
9,93392 
9.92384 
9.92175 
9.92567 
9.9*3  S  9 

Sine. 

9.81113 
9.S1H1 
9.8.169 
9.9nq6 
9.81224 
9.8.252 

.0.18887 
io..88;9 
.0..883. 
io.iBio4 
.0.18776 

to. 07600 
10.07608 
10.07616 
10.07625 
.0.07633 

io.a6'487 
.0.26467 
.0.26448 
10.26428 
10.26405 
.0.26389 

Tang. 

Secanr. 

■ 

%r<«. 

■ 

■ 

B 

f 

^^^Er^^^tn 

MF^^v^^^l 

1 

"    . 

A  Table  of  Artificial  Suies, 

- 

E 

33-O^w. 

Sine. 

T..g. 

Secant. 

9-73611 

9'7363o 

9-9^359 

9.8125: 

10 

.8748 

10.07641 

10.263B9 

60 

I 

9.92351J9. 81271 

10 

10.07645 

10.26370 

a 

9,73650 

9-9J343i9-8i307 

l86q; 

10.07657 

10.26350 

,» 

3 

9.73669 

9-92335 

9.8133; 

10 

18(165 

10.07666 

10.26331 

,7 

4 

S 

9.73689 

9.92326 

9.81362 

[O 

18638 

10.07674 

.0.2631, 

S6 

9.73708 

9.92318 

9.81390 

10 

186.0 

10,07682 

10.26292 

9737*7 

9.92310 

9.S1418 

10 

.S582 

10.07690 

10.26273 

H 

7 

9-73747 

9.9.302 

9.81445 

lU 

■«555 

J  0.07698 

JO.  26253 

" 

9.737(16 

9.9229; 

9.8147: 

18527 

10,07706 

io.26234 

S» 

9 

10 

97378s 

9.92285 

9.81S0C 

10 

10.07715 

io.2621; 

S' 

9,73805 

3.92277 

q.8i,s8 

10 

i?472 

.0.07725 

10,26195 

II 

9.73824 

9.92265 

9.81H6 

10 

18445 

.0.07731 

.0.26176 

iz 

^7384' 

9.92260 

9.8158; 

JO 

'«-t'7 

10.07740 

10,26157 

4S 

'3 

9.7386; 

9.92252 

.H,Mo 

10.0774^ 

10.26137 

47 

'4 

15 

9-73S«a 

9.92244 

9.81638 

iO 

.8362 

10.07756 

10.26118 

46 

4S 

g. 73901 

9.92236 

9.81666 

10 

18,34 

10.07765 

10.26099 

9.73921 

9.92227 

9.8169: 

lu 

16307 

10,07773 

10.26079 

44 

"7 

9-73940 

9.92215 

9.817=1 

lu 

18279 

10.07781 

10.2606c 

9-73955 

9.92211 

9.81748 

10, 

,«252 

.0.07789 

10.26041 

'9 

9-73978 

9.92202 

9.81776 

10. 

1S224 

10.0779!! 

I0,z6o23 

4' 
46 

9.73998 

9,92194 

9,81804 

10. 

8iQ7 

.0.07806 

10.26003 

9.740.7 

9.92186 

9.81EJ1 

SlbQ 

10.07814 

ro,2sg85 

iq 

22 

9.74036 

9-92177 

9.8183; 

10. 

a, 42 

.0.07823 

.0.25964 

T« 

23 

9.74055 

9.92165 

9.818S6 

JO. 

8m4 

10.07831 

10.25945 

17 

24 

9.74074 

9.92161 

9.81913 

JO. 

10.07839 

10.25926 

36 

9-74093 

9.91152 

9.81941 

[O. 

3o?g 

10.07848 

10.25907 

H 

9-74"3 

9.92144 

9.8196a 

10. 

gOj2 

10.07856 

10.25888 

H 

9.74132 

9.92136 

9.81996 

iO. 

8004 

10.07864 

.0.25868 

^K 

9.74151 

9.92127 

9.82023 

10. 

7977 

10.07873 

10,25849 

^B 

9.74170 

9.921 '9 

9.820,1 

7949 

10.25830 

s« 

1 

9.74189 

9.92111 

9.82078 

JO, 

7922 

10.07889 

.0.258,1 

30 

c 

Sine. 

Tang. 

Secant. 

r 
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Tangents, 

and  Secants. 

1 

33  O'r-'^'-                              1 

10 

/^ 

«MK 

T.ng. 

Secant. 

().74'S9 

9.92111 

9.82078 

10.17922 

10.07889 

.0,2581. 

V 

g.74.zoli 

9.92102 

10.17894 

10,07898 

10.25792 

29 

yi 

9. 74*27 

9.91Q94 

9-82133 

10.17867 

1D.07906 

I0.2S773 

2(1 

11 

9.74246 

9.92086 

9.8ZI6I 

10.17839 

10.07914 

10.25754 

27 

^4 

9.74165 

5.9Z077 

10.178,2 

10,07923 

10.25735 

26 

9.gzo6B 

9.82ZIJ 

.0.17785 

=11^ 

974303 

9,9206c 

9.82243 

10,17757 

10.07940 

10.25697 

24 

M 

9-743" 

9.92052 

9.82270 

10.17730 

10.079+S 

10.25678 

21 

It 

9-7434' 

9.9204^ 

9.82298 

10.17702 

10.07956 

3y 

9.74560 

9,92035 

9.82325 

10.17675 

.0.07965 

10.25640 

2, 

9'743-'9 

9.92027 

9.62352 

10.17648 

10.07973 

10.2562. 

4' 

9.7439S 

9.92018 

9.8238c 

.0.17620 

10.079S2 

10.25602 

19 

42 

9.74417 

9.92010 

9.824C7 

10.17593 

10,07990 

10,25533 

18 

4' 

9.74436 

9.92002 

9.82435 

10.17565 

10.07999 

10.25564 

17 

44 
4^ 

?-74455 

9.91993 

9.82462 

10.17538 

ID.08007 

.0.2SS45 

[6 
'I 

9-74^74 

9.919S5 

9.82489 

io.'i7;ii 

10.08015 

10.25526 

+6 

)'74493 

9.91976 

g.83517 

10.17483 

10,08024 

10.25507 

H 

47 

)'74S'» 

9.9196S 

9.8254. 

10.17456 

10,08032 

,0.25488 

M 

4* 

9'7453» 

9.9195; 

9.82571 

10.17429 

1 0.08041 

10.25469 

■  2 

49 

3-74S49 

9.91951 

9.82599 

10.17401 

T  0.08049 

10,25451 

" 

9-74^63 

9.91942 

9.8262f 

10.17374 

10.08058 

10.25432 

51 

>-74s£7 

9.919;, 

9.8265: 

10,17347 

IO.080&6 

.0.25413 

■; 

?: 

).746o6 

9.919Z5 

.0.17320 

IO.OS075 

« 

r 

'■74625 

9.91917 

9.82708 

10,17292 

10.08083 

10.35375 

54 

J.74644 

9.91908 

9.83735 

10.08092 

10,25356 

6 

J.74662 

9.()igoc 

9.82762 

10,17238 

10,08100 

10.25338 

,<= 

9.74681 

9,91893 

g.8z79c 

[0,17210 

io.o3ior 

.0.253.9 

■;: 

9.74700 

9,9188 

9-82B17 

10.1718: 

TC.08M7 

10,25300 

3 

^.H 

9,747!! 

9.9187^ 

9.8284, 

.0.17.56 

10.08126 

.0.25281 

y 

9-74737 

9.91 86£ 

9.82872 

10.17121: 

10.0813. 

10.25263 

9.74756 

9.918;- 

J.32895 

10.17101 

10.08143 

.0.252-44 

Smm. 

,/«. 

Tang. 

Secant. 
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1 

A  Table  of  Artificial  Sines, 

1 

I 

U  D.Sr.a. 

m 

%     Sin. 

Tang, 

Secant. 

So 

o9747si 

9.918; 

9.8289 

io.i;io 

.0.08.43 

.0.25244 

1  9-74-77 

9.9184 

9.8792 

10.1707. 

10.0a, 5, 

10.85225 

9 

z  9-7+79. 

9.9.  S4C 

9.8295 

10.17047 

.0.081  Do 

IS. 25:06 

8 

39.7481 

9.9.85 

9.8798 

10,17020 

10.081 61 

10.25188 

\ 

4  97483 

991823 

9.8300 

10.16992 
10.16965 

10.08177 
10.08,85 

,0.25.69 
10.25150 

6 
5 

5  9'7+8S<' 

9.9181; 

9.8303 

6  9.7486« 

9.91806 

9.83062 

.0..6938 

10.08.94 

<  0.25132 

4 

7  9-74887 

9.9179! 

9.8308; 

,0.169,, 

10.08202 

B  9.749»6 

9.91789 

9.831.7 

10.082 11 

9  9-749  H 

9.917^1 

g.83144 

10.08220 

10.25076 

1 

0  9-74943 

9,9.772 

9.83171 

10.16S29 

10. 082:8 

0 

I  9-7496-' 

9.9176J 

9.83 19S 

10.16802 

10.08237 

1 

2  9.74980 

9.9'7;S 

3.8322; 

10.1677s 

10.08245 

10.45020  4 

S 

i  9-?4999 

9,91746 

9,8325; 

ro.,6748 

10,08:54 

^  : 

4  9-750.7 

9.9173S 

9.S3280 

10,08262 

10.24983   4 

6 

S  ?-7S036 

9.91729 

9.35307 

10,16693 

10.0827. 

10.24964   4 

^B    I 

i  J-7SOS4 

9.91720 

^9-83334 

.0,08280 

^F    ' 

7  9-7!073 

9-9'7'2 

9.8336. 

.0.16639 

I0.0828S 

10,14927   4 

t  9-7509' 

9.91703 

g.8ll8B 

10,0(1297 

0.24909   4 

! 

' 

9  9-75 '«o 

9.9.695 

9-834  If 

10,16585 

10.08305 

10.34890  4 

a9-7S'^8 

9.916K6 

9,83443 

<o.,655S 

Io.o3,i4 

.0.14872   4, 

^^^ 

9-7SI47 

9,91677 

9.83470 

.0.16530 

-0.08322 

10.24953    K 

t  ^^ 

^ft    < 

I  9-7516S 

9.91669 

9-83497 

0.16503 

10.08331 

10.2483;    } 

^^H 

^m    I 

9-7SI84 

9.91660 

9.83524. 

0..6476 

10.083,^0 

19.248.6    } 

^^H 

I    f 

i  9-7S^o^ 

3.91651 

J.83S5' 

0.16449 

.0.08349 

io.!4798  % 

1 

9.7;22i 

5.91643 

3.83578 

0.16422 

.0.08357 

10.24779  3j 

5  9-75^39 

..91634 

-bl605 

0.16395 

0.08,66 

o-*476l  J, 

9-75»j8 

■.9161; 

.816,2 

0-08.175 

2 

.83659 

0..6H. 

0,08383 

] 

2 

.91608 

.83686 

0,163,4 

0,08392 

0.24706  3 

3 

■ : 

9'7!3>j 

.91599 

-837'3 

p,o84oi 

0.24687  sc 

Sine. 

Targ. 

Secant.  || 

^ 

L 

m 
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Tangents,  and  Sccancs. 

34  DcirMu 

p 

Sine. 

T.ng.  1 

Secant. 

30 

y-753'3 

9.91599 

g.837i3'io.i6287 

10.08401 

.0,24687 

V 

9-7533> 

9.91591 

9.B3741  10.16260 

10.09400 

.0.24669 

20 

la 

9-75350 

9.9158* 

9.83;68  10.16232 

.0.084.8 

.0.2465, 

28 

11 

9-9'573 

9.83795  10.16205 

10.08417 

10.24652 

J4 
3^ 

9.75366 

9.9156; 

9.83S2210.1617S 

10.08435 

10.24614 

2fr 

^5 

9.7540; 

99'556 

9.83849'io.i6i5. 

.0.08444 

36 

97^423 

9.915+7 

9.83876  10.16114 

1 0.0845  3 

^0.34577 

H 

n 

9-7544 1 

9'9'S3S 

9.83903  10.16097 

10.08462 

10.24559 

*3 

IB 

9.91;  30 

9.83930  10.16070 

10.08470 

39 
40 

5.75478 

9-9iSa' 

9.839;7io.i6o43 

10,08479 

10.24522 

21 

9.75496 

9.91512 

9.8398410.16016 

10.0848K 

10-24504 

20 

3755'4 

9.9  i;o^ 

9.8+oii;io.i55S',; 

[O.o9^97 

10.244S6 

'9 

z 

9.9149; 

9.8403S  10.1596; 

lO.oSjO^ 

:o.24467 

18 

1 

9-rS55« 

g.gr^aS 

9.84o65;io.i5935 

.0.08514 

17 

.4i 

?75369 

9.91477 

9.84092110.15908 

10.08523 

10.24431 

'5 

975587 

9.91469 

9.841.910.15881 

10.08532 

10.24413 

40 

9.75605 

9.91460 

9.84140,10.15854 

10.0S540 

47 

9.7562^ 

9.91451 

9-S4i73'»0''58z7 

10.08549 

■  0.24576 

'1 

4« 

97564* 

9,91441 

9.84200  10.  i;8oc 

.0,08558 

.0.2435S 

49 
SO 

97s6t'0 

99'435 

9.84Z27]io.i5773 

iO,o8;r>7 

10.14340 

- 

97567B 

9.91415 

9.8425410.15747 

10.0857; 

10.24322 

1)1 

).  75696 

9.914.6 

9.84281  10.15720 

10.08584 

10.24304 

9 

^ 

9.91407 

9'84307io-'5693 

10.C859; 

ioa42K6 

8 

975733 

9.gi398'9. 34334:10.15666 

10.08602 

51 

97575' 

9,9i389!9.8436i|io.i5639 

[0,086.. 

10.24249 

6 
5 

975769 

9.9i3Bi9.843f8;io.i56i2 

io.o£6i9 

10.14*31 

sf' 

)-75787 

9.91372  9-844i5i'0-'S58S 

10,08628 

!7 

9.75805 

9.913639.8444210.15558 

10.08637 

f« 

)75823 

9.913549.84409  lO.IJJJI 

10.08646 

.0,34.77 

« 

J75841 

9,9134519.8449610.15504 

.0.0865; 

10.24159 

9.75859 

9.9.336 

9.84;i3  10.15477 

10.08664 

"0.24141 

0 

is 

Sine. 

Tang. 

Secant. 

— — _ 
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Tangents,  and  Secanis. 

35  DfiTM. 

Sine. 

Tang. 

Secam. 

- 

9,76395 

9.91069 

9.85327!ro..46;; 

-0.08931 

10.23605 

9-9106C 

9.BS354I10.14647 

10.0S940 

10,23587 

-9 

9.8s38o;'O.i4620 

io.o8(.4.9 

10.2356 

9.91042 

9.85407,10.14593 

lo.oSg^q 

10.23552 

^7 

34 

9.76466 

9.91033 

9.85434^10.14566 

10.23534 

1-; 

9.76484 

9.91024 

9.85460  io.i4!40 

10.08977 

.0.235.6 

-i 

i& 

9.85487110.145.3 

io.^89s5 

.0.23498 

'4 

9.9.00s 

9.855i4'io.M.|86 

10.23481 

^T 

i« 

(J.90996 

9.85540  Io■l4^t)o 

10.09004 

10.23463 

22 

39 

9-7CS54 

9.90987 

9.8556710.14433 

.0.09013 

10.23446 

-■' 

9.90978 

g.85594 10.14406 

10.09021 

10. 23423 

lO 

9,90969 

9,85610  10.14380 

10.09031 

10.234.0 

'y 

9.90960 

9.85647 

,0.14353 

.0.09040 

ro.23;93 

9.90951 

9.85674 

10. .4326 

10.09049 

'^.23375 

'; 

44 

9.76641 

9.909HJ 

9.35  700 

10.14300 

1009058 

.0.13358 

q.76660 

9-90933 

9-85727 

10.14173 

10.09067 

10.23340 

4(: 

9.76677 

9.90924 

9.35754 

10.09076 

10.23323 

'4- 

47 

9.76695 

9.90915 

9.85780 

10.14120 

10.C908S 

10.2330; 

M 

4« 

9.90906 

9.85807 

10.14193 

10.09095 

10.232S8 

12 

+9 

9.76730 

9.90896 
9.90887 

9-^^^'A 

10.14166 

[  0.09 104 

10.23270 

- 

9.76747 

9.85860 

10.14140 

10.09.13 

10.23253 

;i 

9.7676; 

9.90878 

9.85887 

10.14113 

10.09122 

10.23235 

y 

9.901169 

10.14087 

10.09131 

10.2321S 

9.76800 

9.90860 

10.14060 

10.09.40 

10.23200 

7 

i4 

9.76817 

9.90851 

9.85967 

10.14033 

10.09149 

,0.23,83 

1 

9,7683; 

9.90841 

9.85993 

10.14007 

.0.09.58 

10.23.65 

^6 

9.76852 

9.90832 

9.86020 

10.13980 

10.09168 

10.23148 

4- 

9.76870 

g.86046 

[0.13954 

.0.09177 

10.23130 

:■( 

(« 

9,76887 

9.90814 

9.86073 

10.13927 

10.09186 

10.23113 

^ 

^'; 

J.76904 

9.90805 

10.13901 

.0.09195 

10.23096 

6c 

9,76922 

g.90796 

9.86136 

10.13974 

10.09204 

10^23078 

i 
s 

Sine. 

Tang. 

Secant. 
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p 
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A  Table  of  Artificial  Sines, 

36   D.gr.a. 

\     sine. 

Tang. 

Secant. 

09.76922 

9.90796 

9.861Z6 

ro.13874 

0.09204 

10.23073 

So 

1  9.76939 

9.90787 

9.86153 

10.13847 

0.09213 

10.2306. 

•3 

9.90777 

,.86175 

10,23043 

^« 

^^^ 

9.9076a 

9.86206 

10  23026 

?7 

■ 

49.76991 

9.90759 

9.B623^ 

■  0.13768 

10.09241 

lo.zjoeg 

51 

5  9.77009 

9.90750 

9.86.59 

10.13741 

10.09250 

10.22991 

6  9.77026 

9.90741 

■  0.13715 

10.09159 

10.7=97+ 

S4 

7  9'77<'4J 

9.90731 

q.b63.2 

10.13688 

10,09269 

10.22957 

■it 

89.77061 

9.90712 

9-863?= 

10.13662 

10.09278 

10.2  29  J9 

?* 

99.77078 

9.90713 

9.86365 

10.13635 

10.09287 

10.229^2 

5' 

9,9070+ 

9-86392 

10.09296 

I  9.77 in 

9.9069; 

9,8641a 

10.13582 

10.22888 

I  9.77130 

9.90685 

9.86445 

ro.i3S;6 

10.09315 

10.22870 

4>* 

3  9-77 '47 

g. 90676 

9,86471 

10.13529 

10.09324 

.0.22853 

47 

^  9.77164 

9-90667 

9.86498 

10.13502 

10.09333 

10.22836 

46 
45. 

59.77182 

9.90657 

9.86524 

.0.13476 

10,05343 

10.22S19 

69.7719! 

9.9064H 

9.8655 

■  0.1345c 

10.09352 

10.21801 

4+ 

7  9'772'6 

9.90631 

9.-86577 

10.13423 

-10.09361 

io.22784 

41 

89.7723; 

9.90630 

9.86604 

10.13397 

10.09370 

10.22767 

4» 

9  9-77^59 

9.90620 

9.8663c 

10.13370 

10.09380 

10.22750 

41 

209.77*68 

9.90611 

9.86656 

10.13344 

10.09389 

10.22733 

40 

:i  9-77  »2S 

9.9060^ 

10.13317 

10.09398 

10.227.15 

19 

12  9.77302 

9.8670c 

10.09406 

10.22693 

^9 

^3  9-773'! 

9.905  8; 

9-8673« 

10.1326+ 

10.22681 

V 

24  9-77?36 

9.90574 

9,8676 

10.13238 

10.09426 

10.22664 

,6 

ZS9-?73S3 

(3.90565 

9.8673^ 

10.13211 

10.0943G 

to.12647 

15 

zf  9-7737Q 

9,9055 

9.8681 

.0.13. 85 

10.0944  s 

io.2!63o 

14 

27  9.77388 

9.93546 

9.8684 

■  0.13158 

10.22613 

■ 

18  9-77405 

9.90537 

3.B686 

'b-13'3^ 

10.22595 

12 

299.77422 

9.90517 

9.8689 

io.,3,o6 

11 

L 

30  9-77435 

g.9051 

10.13079 

1 0.094S2 

10.22561 

30 
1 

Sine. 

Tang. 

Secant. 

5  3  Dip-us.                                       _^ 

L 

1 
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Tangents,  and  Secants. 

■  36  Dfgr^a. 

7,0 

Sine. 

Tang. 

Secant. 

_ 

,0 

9.77439 

9.90518 

g.869Z. 

10 

13079 

10.094:82 

10 

22561 

V 

9.77456 

9.90509)9.36947 

lu 

13053 

o.;49i 

10 

22544 

29 

12 

9' 7  7473 

g.  90495 

9. 8697  ^ 

10 

13026 

ly 

09501 

10 

22527 

11 

9.77490 

9.90490 

9.87000 

lU 

13000 

lu 

09510 

10 

225.0 

2/ 

3+ 

IS 

9.77507 

9.90480 

9.87027 

10 

12974 

09520 

flO 

"493 

2S 

9-775H 

9.90471 

9.870!! 

•0 

12947 

10 

09529 

10 

22476 

16 

9.90462 

9.8707c 

10 

12921 

0953S 

IC 

22459 

H 

17 

9-77S5S 

9.90452 

9  87106 

10 

12894 

o9<;4h 

10 

12442 

23 

S« 

9-77575 

9.90443 

9.87.32 

10 

09^57 

10 

22425 

22 

ly 
40 

9.77592 

9-90433 

9.87159 

12842 

io 

09567 

10 

22408 

21 

9.90424 

9.871JJS 

10 

12815 

09576 

!0 

22391 

4> 

9:77626 

9.904.5 

9.87211 

|y 

12789 

10 

095S5 

10 

22374 

It) 

4^ 

9-7764-3 

9.904D5 

9.87238 

12762 

oysyi; 

22357 

9.77660 

9.^^i6/^■^c> 

11736 

10 

09604 

to 

22340 

'7 

44 

4^; 

9.77677 

9.90386 

9.8729o|iQ 

12710 

10 

09614 

.0 

22323 

16 
'5 

9.77694 

9'90377 

9.87317 

10 

T2683 

10 

09623 

10 

22,06 

4^^ 

9.90368 

9-87343 

lU 

12657 

10 

09632 

10 

'4 

9.77728 

9.90358 

9.8736c 

10 

126,1 

10 

09642 

10 

22272 

1, 

4a 

9-90349 

9.87396 

10 

,2604 

10 

09651 

10 

22256 

12 

49 

9.77761 

g'9D339 

9-87422 

ro 

.2S7» 

10 

10 

22239 

;; 

9-77778 

9-90330 

9.87448 

10 

12552 

10 

09670 

10 

22222 

g.9032c 

9.87+7, 

i(j 

12525 

10 

Oi;68o 

10 

22205 

y 

9-903 1 1 

9.S7SOF 

10 

12499 

10 

09689 

10 

■ii 

9.77829 

9.90301 

9.87527 

'2473 

09099 

22171 

7 

54 

9.77846 

9.90292 

9.87554 

10 

12446 

10 

09708 

10 

22154 

■; 

9.77862 

9.90282 

9.87560 

10 

11420 

09718 

10 

22. ,S 

s" 

9-87606 

10 

12394 

09727 

lU 

22121 

4 

■JT 

9.77896 

9.90263 

9-87633 

.2167 

09737 

22104 

3 

^a 

9,77913 

9.90254 

9.87659 

iO 

'^341 

09746 

10 

220M7 

It) 

9-7793° 

9.90244 

9.87685 

I21H 

10 

097';7 

22070 

9.77946 

9.9023! 

9.87711 

y° 

I22S9 

10.097(15 

10 

22054 

Sine. 

n 

aag. 

Secant. 

S3  ^' 

?""■ 

1 

Kk  3 


r 

[  498  ]                    ,  ^H 

1 

■ 

A  Table  of  Arcificial  Sines, 

m 

37  /J^j;"". 

1 

P     Sine. 

Tang. 

Secant. 

■ 

og.77946 

9.90135 

9.K7-11 

10 

12289 

1009765 

60 

9.7796, 

9.90125  9.877J8 

10 

12262 

oq-/75  10 

22037 

><; 

^^^1 

z 

9-779«° 

9,90216987764 

to 

.2^,0 

[□ 

09784 10 

22020 

i» 

;t 

^■77947 

?.9oio6,9,)i779o 

0^794 

22003 

!7 

^H 

4 

3.78013 

y.90197 
9.90187 

9.87817 

ID 

.2.83 

10 

0^803 

ID 

21987 

S6 
is 

■ 

lg.7fi030 

9.87843 

iO 

12. ?7 

10 

o^Sii 

21970 

9.78047 

9.90178 

9.87865 

1113. 

oq8« 

10 

2'9S3 

U 

^^^1 

7 

J,  7  8061 

g. 90168 

9.87855 

10 

.2i05 

oqMi2 

10 

21937 

>^ 

^^^1 

9.78080 

9.90,5s 

9.S79Z2 

10 

12078 

10 

cv.;842 

10 

21920 

•i^ 

^H 

9 
lo 

9.78097 

9,90149 

g.  37948 

10 

1205Z 

10 

0985, 

10 

21903 

S' 

^0 

■ 

9.78113 

p.90139 

9,87974 

I20i6 

10 

09861 

iO 

21887 

11 

9,78-30 

L).90.J0 

9,88000 

IC 

09S70 

21870 

4<; 

^^^v 

12 

9.7S'47 

g.90120 

9-88027 

10 

'1973 

10 

oqSSo 

10 

2ltf^, 

4S 

^^^K. 

M 

q.7S,6. 

9.90111 

9.8805. 

10 

11947 

10 

oqHSg 

10 

aiS,7 

47 

■ 

>4 

g. 78180 

19,90101 

g.SSoSo 

10 

11921 

.0 

09899 

10 

»i8io 

46 

■ 

9-78197 

9.90091 

g.Sgio; 

10 

uSq; 

10 

09909 

10 

2180, 

4S 

9.78211 

9.90082 

9,881^1 

10 

Il86q 

10 

09918 

10 

«'7»7 

44 

1719-78230 

9.90072 

q-88i<i8 

U«4^ 

09928 

21770 

43 

^^^V 

.89-73246 

9,90063 

9,8818. 

10 

10 

09917 

10 

2'7?4 

42 

^^B 

•9 

9.78263 

9,90053 

10 

11790 

10 

09947 

10 

i'737 

+1 
40 

^ 

30 

9.782S0 

9-90043 

0,882-,6 

10 

"764 

10 

09957 

10 

2171C 

Zl 

^.jizgb 

9,90034 

9,8826^ 

10 

.1718 

10 

09966 

10 

a.  704 

19 

23 

9-783I; 

9,90024 

q.SBiSt 

IC 

ii7ri 

IC 

10 

21687 

11* 

21 

9.783^9 

9.gooi4 

9,88-^.5 

ID 

1.68; 

10 

09986 

10 

»t67i 

17 

'■ 

a* 

9.78346 

9.90005 

9.a834' 

10 

1.659 

10 

0999s 

10 

21654 

K 

9.78361 

9.89995 

9.88,67 

10 

i.6n 

10 

ID005 

10 

2i6,8 

ab 

9-7B379 

9.8998; 

9.8S39; 

10 

.1607 

10 

10015 

10 

14 

^^^P 

9.8g976 

9.88420 

(C 

.1580 

10 

10024 

IC 

21605 

EH 

..7y4'^ 

9,89966 

<,,  88446 

10 

la 

10014 

10 

21588 

S<J 

9.78418 

J.89956 

9.88472 

10 

,.S2b 

ID 

T0044 

10 

ZI572 

30 

9.7B44; 

5.89947 

9.88498 

10 

1.502 

10,10053 

I0.2I55S 

30 

Sine. 

- 

1 

rang. 

Secant. 

.     -i^D' 

f«/.. 

^ 

^^, 

i 

1 

[  499  ] 


Tangents,  and  Secants. 

37  Digriis. 

% 

Sine. 

Tang. 

Secant.  > 

O.8B408 

3,.9.7S4bi,9.899j7g.8Hs24 

.0.1.476 

10.10063  10,21539 

it) 

j2  9-78l7li 

9.899279.8.^550 

10,10073    10.ZIJZZ 

J,t! 

3^19,78+94 

9.899189.88577 

10.10082  10.11506 

l- 

34 

9.785" 

9.S9908 

9.8860J 

10.11397 

10.1009s  10.21490 

Ji) 

^^ 

9-78!"7 

9.89898 

9.88629 

10.11371 

lo.Toioz  10.21473 

If 

9.785,3 

9.8988a 

9.88655 

10.11345 

10.10112  <o,2i457 

^4 

17 

9.78560 

,.&,«,, 

Xi 

4.78576 

9.K9869 

9.88707 

10.11293 

J9 

9.78593 

9.89859 
9.39849 

9.88733 

J  0.  n  267 

10.10141   10.21408 

21 

9.78609 

9,88759 

I0.IIZ4I 

10.10151  10.21391 

4' 

9.78625 

9.89840 

9.8S786 

10,11215 

10-10160  10,21375 

19 

4' 

9.7864Z 

,,S.jS,o 

io,ioi7o|io.2i358 

.K 

41 

9.78658 

9,89820 

9.888,8 

lO.U.^I 

10.10180  10. J1342 

"7 

44 
4"; 

9.78674 
9.78691 

9.I9810 

9.88864 

,o,,..36 

10.10190 

.02.326 

.6 

15 

9.8980. 

9,88890 

lO.III  ID 

10.10199 

10.21309 

46 

9.78707 

9,89791 

9.88916 

10,11084 

10.21293 

'4 

47 

9.787"3 

9.8978. 

9.88942 

10.11058 

i  0.1 02 15 

10.21277 

'1 

4S 

9.78740 

9.8977. 

9.88964 

10.  t  1034 

10..0229 

.0.21261 

12 

49 

9.78756 

9  8976. 

9,88994 

10,1  IQ06 

10,21244 

- 

9.787-1 

9.89752 

9.89020 

IO.I09S0 

10.10248 

10.21228 

1' 

9.78788 

J.89742 

9.89047 

10.10954 

10.10258 

.0-21212 

9 

'i^ 

9.78805 

9.89732 

9.S9073 

10.10928 

10.10268 

.0,21.96 

8 

9.788Z, 

9%722 

9.89095 

10.10901 

10,10278 

10.2.179 

S4 

9.78837 

9.89712 

9.89125 

10.10875 

10.102S8 

10.M163 

6 

9.78853 

9,89703 

9.8915. 

.0.10849 

10.10298 

10.21. 47 

^a 

9.78869 

9.89693 

9.89177 

IO.I0S13 

10.10307 

10.21.3. 

4 

■I? 

9.788% 

9.89683 

9,gj.03 

■  o.to797 

10.10317 

10.21114 

% 

,8 

9.78902 

9.89671 

9.89229 

10,10771 

10.10327 

10.2.098 

?9 

).7S9I8 

9.89663 

9.89255 

10,10745 

10.10337 

10,21082 

9.78934 

9.89655 

7.89.8. 

io,ro7i9 

10.IC347 

10-2.066 

t 

X 

Secant. 

D,gm$. 

t 

K 

k4 

t  5""  ] 


A  Table  of  Artificial  Sines. 

38   D^grrfs. 

g 

Sine. 

Tang.  [ 

Secant.  1 

0 

9'7Sg,H 

9.89655  g.«9,8i  10.ID7J9 

10,10347  io,2io66 

60 

1 

,.;K9;c 

g.89643  9.89307  io.io6.;j 

10.10357  10.^1050 

z 

9.78907 

9.89034198033^  10.10667 

10,10366  10.11034 

S8 

■f 

9,789^3 

9.S9&:4  9. 89JS9  10.10641 

10.10376:10,21017 

" 

1 

^ 

9.78999 

'j.B96h:9-893Ss  '^-10615 

10.10386  10.21001 

?& 

9.S96D4'5-g9+ 11  10,10,-89 

10.10396  10.20985 

).7903  1 

9.895949.89437  10.10563 

10.10406  10.10969 

7 

9.79047 

5.B95S4!gr.894t,3  10..0537 

10.10416  10.20953 

g.79003 

>.89574'9.e(j48g 

10.10;.. 

10.10426  io.ioq37 

?^ 

— 
40 

9.79079 

9.8956415.89;,  s 

10.1048; 

r  0.1 0+36 

10.209*1 

S' 

9.7905; 

9-89>Jtl9-89;*i 

10.I04S9 

10,10446 

10.20905 

11 

J.79US 

^.89544 19.89;  67 

10.104^- 

10.10456 

io.ioS3g 

*9 

9.79128 

j.89sj4'9-89i93l'o.iO407 

10.10466 

10.20873 

4» 

'3 

'*79''H 

9.89534  9-a9t>i9]io.iojSi 

10.10476 

10.20&;6 

4.1 

14 

I).  79 160 

9.,a9;i4  9.;896.4; 

10.103;; 

10.10486- 

10.20840 

46 

M 

9,7917c 

9.89504^.89671 
9,89494  9.S9697 

10.10319 

10. 104:16 

10,20824 

4; 

9.79.97 

10. '  0303 

io.io;o& 

10.20808 

>7 

9.79:08 

9,3948," 

9.89711 

io.)oz77 

10.1051; 

IO.J079Z 

41 

lb 

9,7912:5 

9.8947; 

9.a,;74c 

10.10251 

lo.ioi;;; 

10.1Q776 

'9 

^79140 

9.8946; 

g. 89775 

I0.1OZ2! 

10.1053; 

io.tc76o 

40 

9' 79^56 

5-S9i5i 

9:80801 

10.10190 

10.1054; 

10.20744 

21 

9-894+5 

9.89837 

10.10173 

10.20728 

2-1 

9.79288 

3  89435 

9,89853 

10.10147 

lo,:o7it 

1? 

«? 

9-793°4 

3.85415 

9:398  7'; 

IO.I0I2I 

10.20696 

24 

9.79320 

3.89415 

9.89905 

10.1009; 

io.!0!8; 

Io.2o6lio 

!6 
35 

9-793  IS 

9.89405 

9.S9931 

10.10069 

16.1^.593 

10,206155 

z|> 

9-793  S' 

9.89305 

9-89':>57 

10.10043 

if.iC'6o; 

10.20649 

H 

*r 

J-79367 

5-39983 

I0.io6>5 

io.:o6i3 

9-79383 

J.H9174 

9.9000? 

10.09991 

io.io6z6 

r  0.106 17 

1» 

i< 

9-7939'; 

9.S93(;4 

9.90035 

10.0956; 

10.10636 

10.1060. 

1' 

T 

9-79415 

0.89354 

9.90061 

10.09940 

10.10646 

10. 20;  8  5 

50 

■n..g. 

Secant., 

S 

! 

_._  .''"'-      - jL 

p 

^^^^   t'501  ] 

"^ 

■ 

Tangents,  and  Secants. 

33   D^gre^,. 

30 

Sine. 

Tang. 

Secant. 

30 

9-:94isy-89354 

9.90061 

10.09940  10 

10646 

10.20585 

31 

9.794319.S9344 

9.90086 

099'4.«o 

10656 

10 

20569 

29 

J« 

o.7H47|9-89334 
9.7946319.89314 

5.90112 

09888,10 

10666 

20553 

28 

33 

9-90138 

09862 1 10 

10676 

lO 

20537 

27 

34 
3i 

9.79478 

9.89J14 

9.90164 

10 

09836 

10 

10686 

10 

20522 

26 

23 

9-79494 

9.89304 

9.90190 

09810 

10696 

20506 

' 

36 

^.79,-10 

9.89294 

9.90216 

ro 

09784 

10706 

20490 

24 

37 

9.795^6 

9-89284 

9.90242 

to 

09758 

io;i6 

20474 

23 

38 

9.79542 

9.89274 

9.90268 

10 

09732 

10726 

10 

2045s 

39 
40 

g.79i!8 

9.89164 

9.90294 
9.90320 

09706 

10736 

to 

20441 

20 

J-79S73 

9.89254 

09680 

10 

10746 

il 

20427 

4' 

3-79589 

9.89244 

9.90346 

10 

09!>;  + 

■  0757 

10 

20411 

'9 

42 

97g6os 

989233 

9.90371 

09629 

10767 

20395 

<S 

43 

9.79611 

9,89123 

9.90397 

09603 

10 

10777 

10 

20379 

'tI 

41 
4J 

9.79636 

9.89113 

9.90423 

09577 

T0787 

10 

20364 

'4 

9.79652 

9-89203 

9.90449 

09551 

■  0797 

>o 

10348 

46 

9.79668 

9.S9193 

9.90475 

09525 

10 

10807 

10 

10332 

47 

9-79684 

9.89183 

9.90501 

09499 

10817 

10 

263  r6 

48 

9.79699 

9.89173 

9.90527 

10 

09473 

10 

10827 

20501 

t» 

49 

5° 

9.79715 

9.S9162 

9-90553 

10 

09447 

10 

IC838 

20=85 

9-7973' 

9.89152 

3.90578 

10 

09422 

(O 

1084S 

"Z 

20169 

!' 

9.79746 

9,89142 

3.90604 

09396 

10858 

20254 

'i 

S» 

9.79761 

9.89)32 

9.90630 

10 

09370 

10 

10868 

10 

20138 

•^ 

S3 

9.79778 

9.89.22 

9.90656 

10 

09344 

10 

io8;8 

10 

20221 

7 

54 
55 

3-79793 

9.89U2 

9.90682 

10 

09318 

10 

10889 

10 

20106 

6 
3 

□  .79809 

g.39101 

).90708 

^ 

09291 

10 

10899 

10 

20191 

56 

9-79825 

9,89091 

?-90734 

10 

09266 

10 

10909 

10 

20175 

4 

57 

9.79840 

9.89081 

9.90759 

09^4' 

10919 

20.6S 

58 

9.79856 

9.89071 

9.90785 

10 

09215 

10 

10929 

to 

10144 

2 

59 

9.79872 

9.8906. 

9.90811 

10 

09189 

TO 

10940 

10 

10128 

6c 

9.79887 

9.89050 

9.90837 

10.09165 

10 

10950 

.0 

20113 

s 

Si... 

Ta.g. 

Secant. 

Dlgreii. 

■ 

H 

■ 
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1 

1 

A  Table  ot  Areificial  Sines, 

} 

■ 

» 

■ 

3 

39  Deem,. 

I 

Sine. 

Tang. 

Swant.  1                  1 

1 

9.79887 

9.89050 

^,90837 

.0.09163   10 

10950  10  !Oi. 3  [60 

Jl9-7y903 

9.817040 

9.90863 

10 

09137  'o 

10960  .0. 

100^7  I59 

JJ9.7991S 

g.890.10 

9.90889 

10 

09111   .0 

10970!. 0 

20081,58 

ji9-?9'>?4 

9,89010 

9,909.  ^ 

10 

090^5  10 

logSiiO 

20o<>6 

17 

_49  799  io 

9.89009 

9.90940 

10 

09060  10 

10991  MO 

2005  1 

S6 

588999 

g.  90966 

.7 

09034  10 

IIOOl'.O 

20035 

!S 

t.9.7g93i 

9.8^989  9.90192 

:0 

090,8  10 

iioii;io 

^00.9 

54 

/9./W96 

9.889799.91016 

oBg&i  10 

2  0004 

53 

By  80CI1 

9.8e9&'( 

■i-9'044 

10 

08557. 'o 

1103s   :0 

.9988 

S' 

■ 

9^9,80027 
109-90043 

9.88953 

9-9U*9 

•° 

0893.   .0 

11041/0 

•W3 

S' 

9.8894S 

9.91095 

7 

08905  10 

iiojz'io 

>99S7 

50 

^f 

,15.80058 

.,  8S937 

9'9"2' 

'O 

oMS79>ic 

irc63  10 

19942 

49 

♦»l9-8«74 

9  8Sp»7 

9-')..  47 

10 

08853  ro 

11073I10 

.99^6 

♦« 

ij*9.BodS9 

9.889.7 

9.91173 

.0 

oS8i8  10 

11083  lO 

19911 

47 

.49.ifoi05 

9.88906 

9.91198 

.0 

oS3o2  10 

11094  10 

19895  46 

IjVaoiw 

9  RS896 

9.91274 

.7 

08776 

10 

11104  'o- 

.9880  45 

.6'9.te'36 

9.88886  9..-:  125== 
9.8H876.9.9I276 

■  o 

08750 

.0 

11114  '° 

986+44 

17:9.80'^  I 

087^4 

'984943 

.89.8Q167 

9.8886;  991301 

ro 

08699 

10 

flr35|io 

9834  4« 

19^9.^0182 

9.838ss9-9'327 

10 

08673 

10 

11145,10 

198.8 

41 

i->^.8o(97 

1j.8BS449.q1 553 
9.88S34  9.91379 

.0 

08647 

10 

.,is6lio 

19803 

— 
40 

»i  9.802.3 

10 

C8611 

10 

.1,66 

10 

97  «7 

39 

«l9.i!o32R 

9.88814 

9.9-404 

10 

08596 

10 

11176 

10 

"977* 

38 

»3 

9.80:44 

9.888,3 

[).9 14.30 

08570 

ni87 

9756 

37 

!! 

9.80:59 

9.8?Soj 

9.9i4.;6 

10 

08544 

to 

II 197 

10. 

1974' 

36 
3S 

9.8027, 

9  88793 

9.9.482 

10 

08518 

^ 

1 1207 

77 

9716 

,  6:9.80290 

9  88781 

)-9'5o3'o 

08493 

10 

1121S 

10. 

97. Q 

34 

J 

,7i9.8ojo5 

0.8877Z 

5.91533110 

08467 

10 

i<zz8 

10- 

1969s 

33 

(89.803=0 

988761 

9-9'559|'<' 

0844] 

"239 

.0, 

mfiSo 

3* 

^^^L> 

j9!9,8o336 

98375' 

1.91565 'O 

08415 

10 

111,9 

10 

9664 

31 

1 

i° 

9.803S1 

9.88741 

9.91610  10.08390 

.0 

.1259 

10 

9649 

i! 

Sire. 

1    Tang. 

Secant. 

D^sms. 

I'' 

i 

B 

li 

1 

B 

^^ 

H 

i 

1 

■ 

^^              E  503  1 

■ 

M 

Tangents,  and  Secants. 

39  ^'^"«- 

Sine. 

Tang. 

Secant. 

1 

9.80351 

9.8874' 

9,9161c 

10.08390 

0.1 

ii;9 

10. 

9649  3 

3' 

9.80366 

9.88735 

9.91636 

10.08364  .0.1 

1170 

10. 

96342 

? 

i* 

9.8038Z 

9.88720 

9,91662 

10.083^8  10. 

118a 

9618  2 

3} 

9.8o3q7 

9.88709 

9.91688 

,0.083.1  .0. 

1191 

10. 

9603  1 

34 
35 

9-80412 
9.804,18 

9.88699 

9.91713 

10.08287 

10.11303 

10. 

9588  1 

5 

9.88688 

9.91739 

io,o3z6i 

^ 

1311 

ir 

9572  1 

• 

36 

37 

9,80443 
9.80458 

9.88678 
9. 88668 

9.9)765 
9.9)791 

10,08235 

1311 
1332 

10! 

9557  * 
954"  a 

3 

10.08209 

10, 

38 

9.80473 

9.88657 

9.91S16 

10,08184 

'343 

9S"!7  i 

39 
+1 

9.80489 

9.886+7 

9,91841 

10.08158 

.0. 

"353 

10. 

95"  i 

9 

9.80504 
9.80519 

9.88636 
9.88626 

9.91868 
9,91893 

to.08131 

.0. 

'374 

.0. 

9496  2 
948.   1 

1 0.08  107 

10. 

4* 

9.80531 

9.88615 

9.91919 

10.08081 

10, 

'385 

10. 

9466  . 

8 

43 

9.80550 

9,8860; 

9.9194s 

10.0805  s 

'39S 

945'   ' 

7 

44 

4.'; 

3.80565 

9.88594 

9,919^1 

10.08039 

.0. 

.406 

10 

'9435  ' 

6 

s 

9.80580 

9.8858+ 

9.91996 

10.08CO4 

■  0. 

.416 

10 

'9410  ' 

46 

9.80595 

9.88573 

J. 91021 

10.07978 

10. 

1427 

JO 

.9405  1 

4 

47 

9.80610 

9.88563 

9.9JO4B 

10.07951 

'437 

■9390  1 

3 

4lt]9.8o6»s 

9,88552 

9.92073 

10.07917 

10. 

1448 

LO 

'937S  ' 

49 

SO 

9.S06+1 

9,88542 

9,91099 

10,07901 

10. 

'458 

)0 

'9359  ' 

9.S0656 

9.83;31 

9.91125 

10.07875 

IT 

1469 

To" 

'9344  ' 

S» 

9.80671 

9,885JC 

9,9zi5C 

10,07850 

1479 

15319 

9 

S2 

9.806S6 

9.B85IC 

9,921715 

10.07824 

10. 

1490 

[O 

19314 

8 

55 

9.80701 

9.88499 

9.9110.' 

10,07796 

10. 

1501 

■  0 

19299 

7 

.54 

9.80716 

9,8848s 

).92ji7 

10.07773 

10. 

1511 

.0 

19284 

6 

55 

9.80731 

9.8847S 

9.9115 

10.07747 

~ 

1522 

10 

19169 

5 

s£ 

9.8074619.8846 

9.9227 

10.07711 

to 

'53* 

10 

'9254 

4 

57 

9.807619.8845 

9,9130 

10,07696 

10 

"543 

10 

■  9239 

3 

S8 

9.80777^.8844 

9-9*33 

10.07670 

"553 

19113 

5S 

9.807919.8843 

9.9235^ 

.o.076„ 

10 

1.564 

10 

19108 

1 

s 

6c 

9.So4o7  9>8842'^ 

9.9138 

10.07619 

10 

"575 

>o 

'9'93 

\ 

Sine. 

Tang. 

Secant,  j 

JO  Dtgrri,. 

A  Table  ot  Artificial  Sines, 


40  D^^«i 


o  9:80807 
i|9.Bo8ii 

4'9.8oSt>7 


5J9.80S8: 
69.80897 

89.80927 
99.809+,' 

09.8095; 
I  5.8097; 
39.80987 

H'9-H'o'7 

H  — 
.59.8'  - 
169.81047 
179.8106 
(89:81076 


•9,0' 


loq 


ao9.8itc6  g. 

■■;9-s 
329.81136  9. 

i3  9'8iiji 
^f  9.81166 


Ji;!9,ail8o 
ii6|9.Riii)! 

i2.7  p.8is(o 
^i  9.8t«a5 
'  9  9.8(140 
;!0  9.8i 


.884: 
,68415 
884^4 
83:194 
83383 


9'9^433: 
9.924  - 
9.52484 


9-92535 
9.9256 1 
g.92587 
9.936; 


.88319 
,88308 
88298 
88287 
,88276 


9.9:63 
9.92665 


9.92715 
9,92740 


88166 
8255 
88244 
""'3+ 
'*3 


9.92766 
9.9S793 
9.928]? 
99284^ 
9.92868 


9.92894 
9.929: 


98S15S9.9J01 

—  489.9504^ 

9.911099 

r..q5u4 
?9-9;i 


,076.9 

■07593 
07567 

.07542 
07516 


07490 
0746; 
.0743 y 
,0741  . 
7388 


,07361 


,7260 


7 '34 
7209 
07.83 
07 'S7 
07132 


07080 


.06952 
.oCgzy 

.06876 
06850 

Tang. 


116.7 


f  i6j3 

1 1638 
11649 

It67r 


"745 
11756 
11766 
"777 


10,19193  b 

o  1917S  S 

19163  s 

19.483 

Pi9'33  S 


.19073  -i 
,190585 


.19043  5 
.19028  4 
.19013  J 
.18998  « 
..898}  4 


3.13968  4 
>.i89;3  4 

>.  18939  4 


.18879  3 
.18864,  3 
..8S49  J 


18805  J 
.,  1 8790  5 

r87ft>  3 
'«74*  3 


t  soi  } 


Tangenis,  and  Secants. 

40   Dlgret,. 

% 

Sine. 

Tang. 

Secant,    j 

30 

9.812H 

9-8810; 

9.9315G 

io.c63;o 

.0-1189;  io.>8746 

■JO 

3.9-81269 

y.8Bo9H 

9.9.117^ 

10.06824 

.0.11906  10.187V 

29 

32;9-ai284 

9,93201 

ro-06799 

io.ii9i7jio.iS7i6 

28 

33,9.31299 

.j,38o72 

9.93227 

10.06773 

10.11923  io.i8?oi 

37 

34 

9.813.., 

9.93252 

■  0.06743 

10.11939,10.18686' 

26 

35 

9.B1328 

j.aaoso 

9.9527I: 

.0.06722 

369-81313 

3,880409.93303 

.0.06697 

10.11960 

lO.^Sder 

14 

379-8135!^ 

9.88029 

9-933^9 

10.06671 

10.11,971 

.0..8642; 

23 

.339.8137^ 

9.933s! 

10.11^82 

10..  8628 

,39 

9.B'3a7 

9.88007 

9.933'!'^ 

10.06620 

10.. .993 

.0.18613 

21 

40 

9.81403 

9,87995 

9,93406 

10.06594 

1 0. 1 2604 

.0.1859S 

+' 

9.81417 

9.S7936J9.9343, 

'0.06569 

10. 1Z014 

ig 

+- 

9.81431 

5.8797!.9.93457 

10.06543 

10.12025 

.0.18569 

.3 

4- 

9.8144'^ 

3.879649.93482 

10.06518 

10.12036 

I0.l8s;4 

17 

44 

9.81461 

■3'87953  9.93506 

10,06491 

10.12047 

10. 18;  39, 

ly 

9.81475 

9.879429.935,35 

Io.o6467|io.i205» 

io.i3;2,- 

46 

9.8149^ 

9.37931,9.935,-1 

10.06441 

.0.12069 

14 

47 

9.81505 

9.S792o,ft.93;B4 

10,06416 

ID.I2D3o 

10.18495 

M 

4^ 

9,81519 

9.37909;9.936i<: 

10.06390 

10.12091 

10.184S. 

49 

9.S153, 

[9,87893 

9-93^35 

.0.12102 

10.18466 

" 

SO 

9.81549 

9.87888 

9.91661 

10,06139 

10.12ft2 

10.1845. 

.0 

;5.    9.81563 

^■87877 

9.936s- 

10.06313 

10.12123 

10,18437 

9 

52:9.81578 

9.937'^ 

10.0628S 

.0.12134 

.0,18412 

3 

:53  9.81592 

9.3785s 

■5-93735 

10,18408 

54 

9.8160; 

9.878+4 

9.93763 

10.06137 

.0,12.56 

.0.18393 

6 

5 

■15 

9.81621 

9-87^11 

9-9378& 

10.06211 

.0.12.67 

10.18379 

56I9.81636 

9.87822 

9.93814 

10,06186 

.0.18364 

579.81651 

9.87811 

9.93640 

io.o6r6o 

,0.12189 

58'9-8i665 

9.37800 

9.9386; 

10,0613; 

ro.  I22O0 

.0.18335 

£;9'g.8r68o 

9-87739 

9.93891 

10.06109 

10, 1.2211 

10.13320 

1 

(io 

9.81694 

g.37778 

9.93916 

.0,1222a 

10.18306 

0 

Sin. 

T.ag. 

Secant. 

s 

49  Dip-"'-                                            I 

p 
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1 

^ 

1 

1 

A  Table  of  Artificial  Siacs, 

■ 

^                ^,1  O-y.w. 

1 

c 

Sice. 

Ta=g. 

Secani. 

9.81654 

9-«777« 

993916 

10.06084 

lO- 

222: 

10 

iS;-:6 

6a' 

t 

).8i70^ 

7-87767 

9.93941 

22U 

,b:g. 

^^^_ 

J 

).8i7Z3 

j.877st 

9-9J967 

10 

06033 

10. 

2244 

10 

i« 

1 

j.8i73( 

?-«774i 

9-9J993 

IC 

06007 

10- 

Si;; 

p 

4 

9.B1753 

9-87734 

9.9401^ 

10 

0,-982 

10. 

10 

.81^ 

9 

9.81767 

9.87723 

9.9404 » 

10 

0(9s6 

10. 

11177 

10 

1823:^ 

M.7a< 

9.87713 

9.94C69 

10 

oi93' 

10. 

2288 

10 

iBttg 

i^^l 

7 

j.».79a 

7.87701 

9.5409; 

05905 

2199 

10 

1810+ 

g.SiSic 

9.8761c 

10 

05880 

10. 

;3ic 

JO 

.8190 

^^^H 

ta 

9 
10 

9.81825 

9.8767^ 

9.9414.6 

10 

05854 

10. 

1321 

10 

.8.rs 

9 

9.81839 

9.S766fe 

9.9417 1 

10 

05829 

10. 

12332 

>o 

.8.6, 

II 

9.3.854 

9.87657 

9.94197 

JO 

05H01 

10. 

^143 

10 

.8,46 

H^^l 

1 

II 

9.8i86i 

9.87646 

to 

0577B 

10. 

10 

J8l,2 

H. 

1'    1 

" 

9.81^83 

9.8763; 

to 

10. 

2,05 

10 

181.7 

*,' 

'4 

3.81897 

9.37624 

9-94173 

10 

05727 

10. 

2376 

10 

.aioj 

9.81911 

9.8761J 

9.94199 

10 

05701 

10. 

2,83 

10 

18089 

9.81926 

9.87601 

10 

05676 

10. 

2199 

10 

ibo74 

M 

17 

9.819^0 

9.87590 

10 

05650 

10. 

1410 

10 

(3 

9.819?; 

9,8757^ 

10 

05625 

10. 

2421 

10 

18045 

t= 

1 

'9 

20 

9.H1969 

9,8756K 

9.94401 

10 

o!S99 

10. 

^43= 

10 

V> 

9.81983 

9'fl7SS7 

9.94426 

10 

03574 

10. 

2443 

10 

18017 

21 

9.81998 

9.87546 

9,94451 

10 

05548 

10. 

*454 

to 

18002 

351^ 

12 

9.82012 

9-87535 

9-94477 

10 

05521 

10. 

2465 

10 

.7988 

3^1 

Si 

9.81026 

9.8752^ 

10 

05497 

10. 

147^1 

10 

'7974 

'^l 

9.81041 

9.87513 

9.94;  rt 

10 

05472 

10. 

i4«7 

10 

I79S9 

»■ 

9-8ao55 

9.87501 

9-9+SS4 

10 

05446 

10. 

1499 

10 

'794^ 

3i 

16 

9.8*065 

10 

05411 

10. 

10 

'793' 

» 

»; 

9.82oB^ 

9.87479 

10 

05196 

10. 

2521 

10 

17916 

ij 

t).  8 1098 

9.87468 

10 

05^70 

10. 

15U 

10 

17902 

l« 

»q 

q,B2Iir 

9.87457 

9.94655 

lo 

=  914^ 

lO. 

1543 

10 

n 

30 

9-8^117 

9.8744' 

9.94*^8  t 

10.05319 

10. 

^554 

10 

'7»7J 

JO 

1 

Sine. 

T»5. 

Secant. 

48  i>«frw. 
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Tangents,  and  Secants. 

l^I  Diff-ta. 

2 
1« 

Sine, 

Ting. 

Secant. 

9.8Z..7 

9-37446 

9.94681 

1005519 

,o,,>S7, 

V 

9.82141 

9.a74H 

9-947c( 

O.OJ29+ 

10.(2566 

.o.i78;9<25 

jj 

9-81155 

9.874*= 

9' 9473' 

■0.05268 

10.1257; 

.o..,8,5..B 

41 

9.S1165 

9-94ri7 

.o.,ts88 

.0.1,-83,  '? 

3+ 

9.«2.B4 

9.8740. 
9,37390 

9-9-17«3 

■0.05217 

10.12599 

10., 71,7 

3b 

9.8M9S 

g.9480!^ 

.0.05192 

io.12610 

.0..780. 

It 

9.SZ2JZ 

^i*7178 

9-94834 

10.05166 

10-12622 

10.I77E8 

<»7 

9.82126 

9.87367 

994859 

■0.CT5I4I 

.0.12633 

'01777+ 

23 

t* 

9.3224c 

9-87ii6 

9-94««-l 

:a.o5ii6 

.0.1770; 

39 
4« 

9.82255 

9.82l6q 

38734s 
987334 

9.9491c 

,0.050rO 

ro..i655 

.0.177,5 

9-9  493  5 

10.05065 

,c..3fi6. 

.o.r773i 

9-8  ziB-. 

;. 87322  9.94961 

10.05039 

lO.  12678 

9.8229: 

;.873ug.9498& 

.0.11689 

Ifi 

+■ 

9.821  u 

■).873«>,9.g5Qi: 

10.04938 

10.12700 

0.17689 

44 
4? 

9.82326 

^.8728919.950  7 

10.04.^63 

10.12712 

.0.1767, 

16 

9.8234c 

9-^7277  9-9i°63 

10.04933 

.0.17660 

4'' 

9.82354 

9.872669.95088 

■0.04911 

.0.176,6 

47 

g.rii36h 

9.8725599511^ 

10.04887 

10.17631 

M 

4^ 

qd2,B2 

9.872439.951,9 

.0.O4S61 

10.11757 

.0.1761S 

49 

9.32396 

9.87232 
9.87221 

9.95164 

.0.04836 

.o.,z;68 

;  0.1 760, 

- 

9.824.0 

9.95190 

■  004810 

,o.„,„ 

9.82425 

9.8720919.95215 

■  0.04785 

^* 

9.82439 

?  87198,9.95240 

10.04760 

.o.ii8m 

1017561 

S 

51 

9.82453 

9.8718719.95266 

ro.04734 

.o.,!8,5 

S4 

9.82467 

9.87176^9.95291 

■0.04709 

.O...S.S 

io.i7;j3 

6 

9.8H8. 

9.87164 

9-9S5'7 

■  0.04683 

lo.isaje 

10.17519 

?" 

9.82495 

9.87153 

9-9S342 

■  0.0465B 

.<..„847 

10.17505 

4 

S7 

3.82509 

9.9536^ 

,o.,=!s5 

5« 

9.82573 

9.87130)9.95391 

10.04607 

■0.12870 

'0.17,77 

q.-a2537 

9-S7i'9,9'9!4'f 

10.04582 

roi<88. 

■0.1746; 

, 

bo 

9.82^51 

9.S7107  9.95444 

10.04556 

.o.,.S,3 

■0.17,40 

s 

Sine. 

Tang. 

Secant. 

48  D.gr«s.                                                  [ 
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A  Tibk  of  Artificia]  Sines, 


42  Htgrcit. 


9.8z6zi 

g.82649 
5.81663 
9.82677 


9,82691 
9.8270; 
9.SJ719 
9.82733 
4  9-82747 


Sine. 


9.8»ss; 

9,82565 
9.82579 
9.82593 

9.82607 


9.869(53 

9.8698 

9.86971 

9,369S9|9- 

9.869+7 


9.82761 
9.81774 
9.827S8 
9,8^802 
9.82816 


9.82830 
9.81844 
9.82858 
9.8zS7' 
9.82881 


_  82913 

9.82927 
9.82941 
9.82954 
9.8  '- 


9.K7107 
9.87096 


9.87073 
9.67062 


3  9!44* 
5.9549 
9-95  !4) 


9.87050 
9.87039 
9.87.  - 
9.S7016 
9.87005 


3-9S57 

5.95596 

,^95622 

9.95647 

9.9567 


9.95698 
9-9;7«3. 
^■957+9 
■9577+ 
9'9S793 


9.86936 
g. 86925 
9.86913 
9.86901 
9.8689E 


9.86879 
9.86S67 
9.86856 
9.8684^ 
9.8683! 


g.86775 
g.86763. 


9,95825 
9,9585. 
9.95875 
9.9590. 
9.95936 


■)-959S 
9-95977 
9.96c 


9.96078 
9,96104 
9.96129 

9.96155 
0,96180 
9.96105 


10.04556 
10.0453. 
10.04505 

.0.04455 


5.04429 
J.04404 
3.04378 

'-043S3 
J.0432S 


3.0430; 
3.04277 
3.04252 

J-04Z01 


10,04175 

04150 

.04125 

,04099 

10.04074 


,0.1048 

.03993 

10.03972 

'3947 


..03927 
..03896 
10.03871 
10.03846 
0.03820 
10.0379s 

Tang. 


393  10.17449 

'743S 
0.12915110.17421 

0.12927110.17407 
0.12933  10.17393 


1.1295! 

M2901 

10.1297* 

1984 

10.12995 


0.13007 
0.1301S 
0.13030 
0.13041 
10.13053 


10.1306+ 
'■13075 
I- J  3087 
..13099 
.131 


31*1 

3'33 
10.13144 
0.13156 
o.i3.r 


10,13179 
1319' 

10.1320: 

3114 

10.1J22S 

0.13237 


10.17379 
10.17365 
10.17351 
10.17337 
10.17313 


10.17295 
10.17281 
10.17267 
10.17253 


1.17114 


10.17101 
IO.I7087 

[0,17059 
0.17046 
0.17032 


47   iitgrtts. 
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4Z   Dfgrerj. 

1 

3° 

Sine. 

Tang. 

Secant. 

50 

5.8'i963[s).8676 

Lj,96205 

10,03795 

10.13237 

.0.17032 

31 

9.8798219.867; 

3.96231 

10.03769 

.0.13248 

.o.i7oi!i  19 

3z 

5.81996 

9,8674c 

9.96256 

10.03744 

10.13260 

10.17004  28 

33 

9.83010 

9.86728 

9.96281 

10,03719 

.0.13272 

'0,16990 

*7 

34 

3.83023 

9.86717 

9.96307 

.0.03693 

10.13183 

.0,16977 

i6 

^■83037 

9.8670s 

,.96332 

10.03668 

'013=95 

.0.16963 

36 

9,83051 

9.86694 

3'96357 

.0.03643 

to.. 3306 

10.16949 

24 

37 

9.83065 

9.86682 

9.96383 

.0.036,7 

10.13318 

10,1693s 

«3 

38 

9.B307S 

9.86670 

).964o8 

10.03592 

.0.13330 

.0.16922 

21 

39 

9.8309: 

9.86659 

3-96434 

ro.C3i66 

'o-'334' 

.0,16908 

21 

9.83106 

9.S6647 

J, 96459 

.0.03541 

10..3353 

.0.16S94 

4' 

3.83.20 

g„^66,,5 

9.96484 

0.03516 

,o..336s 

10,16880 

•9 

9>83'35 

9.86624 

9,96510 

ro.o34go 

■  0.13376 

.0,16867 

8 

43 

9.83147 

9.86612 

9-96535 

10.03465 

io.,3388 

10,. 6853 

7 

4! 

9.83.51 

9.86600 

9.96560 

0.03440 

10..  3400 

.0.16835 

6 
$ 

9.83  f  74 

9.S6ja9 

9  96586 

10.03414 

(0..3411 

0.16826 

46 

9.S3188 

g.S6s77 

9.966.. 

0.05389 

-0.13423 

0.16812 

4 

47 

9.83^0^ 

9,86565 

9.96636 

0.03364 

.0.13435 

0.16793 

3 

48 

9-83^'S 

9.86554 

9,9666. 

0.03338 

10.11446 

0,1678; 

49 
SO 

9.83229 

9.86542 

9.96687 

.0.03313 

.0.13458 

0,16771 

1 

9.83143 

9.86530 

9.96712 

0.03288 

10.1J470 

o.i6;s7 

S' 

9.83256 

g. 86519 

9.96738 

0.032SZ 

0.1343. 

0.16744 

9 

s* 

9-83270 

9.86507 

9.96763 

0-03237 

0.13493 

0.16730 

8 

S3 

9.83183 

9-86495 

9.96788 

0,032  cz 

0..3505 

0.167.7 

7 

54 

9.33297 

9.86483 

9.968.4 

o,ojiS6 

10.IJ517 

0.1 6703 

6 

9.83311 

9.86472 

9.96839 

0,03161 

0.13528 

0.16689 

56 

9-8332^ 

9.86460 

9.96864 

0.03136 

0,13540 

0,16676 

4 

S7 

9.81338 

9,86448 

9.96890 

0,031.0 

o.'35S^ 

0,16662 

3 

58 

9-8335' 

9.86436 

9,96915 

0,03085 
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0.16649 

3 

59 

9.83365 

9.86425 

g.96940 

0.03060 

0-13575 

0,16635 

60 

9,83378 

5-86413 

9.96966 

0.03034 

0.13587 

0.16621 
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0-85378 

9.664.J 

9.96966 

10.030J4 

■  15S; 

10.16622 

1 
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9.8640, 

j.g69gi 

03009 
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10.16608 
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^^^H 

X 

9.86389 

10 

01984 

10 
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^^^m 
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10 

o29;y 

,3623 

.0.16581 
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■ 

1 

983433 

9.97067 

10 
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to 

'5634 
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i" 

^ 
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10 
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10 
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5.83460 
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10 
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10 
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10 

02857 

10 
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_ 

i 

*83487 
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10 
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10 
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^ 

9 

JO 

9.83500 
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10 
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10 

13694 

10.16500 

K 
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9.86.95 

.;.972ig 

10 

01781 

10 

11705 

10.16,87 

11 

9.835^7 
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y, 97244 

10 

o.7?6 

10 

'37'7 

10.1S+7J 

12 

9.8ii,o 

9.86271 

9.97265 

10 

02731 

•3725 

10.16460 

^^^H 

S-83i» 

9.86255 

9.9729s 

10 
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10 
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11 

9.B3S67 

9:86247 

;.9732C 

10.026S0 

10 

13753 

10.16433 

^ 

9.83581 

9.86235 

3'9734! 

10.02655 

10 

,1-65 

10.16419' 

■ 

9.86223 

)9737' 

10  026:9 

10 

10.16406; 

17 

9.8360'; 

3-97396 

.00.604 

10 

13788 

10.16392' 

1 

tl: 

,.8,6>, 

9.974ZI 

02,79 

10 

13800 

10.16379 

K 

19 

9.S3634 

9-8618K 

9-97447 

10 

"2553 

10 

13»,2 

10.16366 

4< 

■ 

9.B364S 

9.86,76 

5.97472 

10 

02528 

10 

13824 

10,16352 
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II 

9.83661 

9-974S7 

10 
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10 
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10.16339 
10.16315 
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;: 

9-83S7; 

9.86152 

9-97i^J 

02477 

13848 
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^^^H 
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9.(6,40 

9.97548 

ID 

02452 

10 

13860 

^1 
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9,«6,2k 
9.86116 
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10 
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10 
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■ 
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TO 
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h 
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10 
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10 
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9.86092 
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10 

02151 

10 
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10 
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^1 

30 
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T 
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10 
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9,86056 

9,97715 

10.02275 

■  0.13944 
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■329.83808 

9,86044 
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10,13956 

10.16206 

29 
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ro 
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O  F    T  H  E 

SUN'S  DECLINATION,! 

i 

From  the  Year  1770,  to  the  Year  1798  j  for 
every  Day  at  Noon,  under  the  Meridian  of 

London. 

WITH 

A  TABLE  of  Proportional  Parts,  to 
make  it  ferve  for  any  other  Meridian. 
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vf  Ta  B  L  E  of  the  Decliiiatiens  of  fame  of  the  mofi  prin- 

cipal  fixed  Siars. 


Stars  Nai 


S  C  If  EDJR,  in  the  BieiH  of  Ca^^peia  - 
The  bright  Star  of  Jrk,  —  —  - 
-y/™/,  the  Head  of  M^du/a  —  —  —  - 
Mdebaran,  t\\e  BuU'i  Eye  —  —  —  - 
The  Goat  Star  CaftUa  —  —  —  - 
The  Heart  of  Hydra  —  —  —  —  - 
The  Middlemoft  Star  in  OriWs  Belt  —  - 
The  Dog  Star  Sjrlui  —  —  _  —  _ 
Procyon,  or  the  Little  Dog  Star  ■ —  —  — 
Cajlar,  Or  the  Head  of  the  Northermoft  Twin 
Pelliix,  or  the  Head  of  the  Southermoft  Twin 
Regului,  the  iiDB'5  Heart  —  —  —  — 
DiKrt,  the  Liam's  Tail  —  —  —  — 
The;'/fj«V»Spilte  _  _  _  _. 
'  ret,  the  Scorpha'i  Heart  —  —  — 
SoatherniDft  of  the  two  preceding  Stars  } 
in  the  Square  of  the  Griai  Bear  —  —  J 
The  Nonhertnoft  of  the  fame  Two  —  ~ 
The  Southermoft  of  the  two  folic 
in  the  Square  of  the  Grtai  Stat 
The  Northermoft  of  ihe  fame  Tw 
The  Firil  in  the  Tail  of  the  Grn 
The  Second  in  the  Tail  — 
The  kft  of  the  Three  in  the  Tail       —      — 

iy'«,  the  bright  Star  in  the  ffar/  —  — 
j/feir,  the  bright  Star  in  the  £agU  —  — 
TheprecedingofthctwomiddIenioftintheCr5/j 
The  Northern  Foot  of  the  C«/i  —  —  — 
The  Somhern  Foot  of  the  Cra/j  —  ~-  ~~\ 
The  Eaftermofl  of  the  four  Stan  in  the  Crq/i     \ 
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